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Voorwoord
Een proefschrift komt niet tot stand door het werk van één persoon. Deze plek in mijn 
proefschrift is dan ook gereserveerd om alle mensen te bedanken die me hierbij hebben 
geholpen.
Allereerst mijn promotor, Ludo Verhoeven. In 1996 vroeg Ludo me om AIO te worden 
op een project waarbij een software programma voor kleuters ontwikkeld en onderzocht zou 
worden. Het werd een enerverend project dat dankzij de inbreng van Ludo tot het 
eindresultaat heeft geleid dat hier voor u ligt. En niet alleen dat, ook is het software 
programma Schatkist met de Muis uitgegeven, dat inmiddels op veel scholen in Nederland 
wordt gebruikt. Op deze plaats wil ik Ludo uiteraard bedanken voor zijn begeleiding bij dit 
project, maar ook voor het enorme vertrouwen dat hij in me heeft gesteld en de vele kansen 
die hij me heeft gegeven en nog steeds geeft. Ludo, bedankt!
Naast Ludo is ook Frater Caesarius Mommers een belangrijke persoon geweest tijdens het 
project, niet alleen als mede-auteur van Schatkist met de Muis, maar ook als een inspirerende 
persoonlijkheid die me veel heeft geleerd over onderwijs aan jonge kinderen en die samen 
met me heeft nagedacht over de resultaten van het onderzoek in dit proefschrift. Frater 
Mommers, ik heb het als een voorrecht ervaren om met u te mogen werken.
De ontwikkeling van Schatkist met de Muis was de eerste zorg binnen het project. Via het 
Ministerie van OC en W had Uitgeverij Zwijsen subsidie gekregen om dit product te 
ontwikkelen. Ik ben als vers afgestudeerde in dit project binnengekomen en heb mogen 
samenwerken met en leren van mensen met veel ervaring en veel gedrevenheid. Bij deze wil 
ik iedereen bij Zwijsen bedanken die betrokken was bij dit project, met name Huub Lucas en 
Marion van der Meulen.
Bij de verschillende studies in dit proefschrift hebben verschillende mensen mij geholpen. 
De data van pilot-studies die in Hoofdstuk 1 zijn besproken, zijn verzameld door Ingrid 
Berkers en Inge Boot, onder leiding van Anne Vermeer van de KUB. Met Anne heb ik 
interessante discussies gehad over het uitbreiden van woordenschat met behulp van 
educatieve software. Ik ben erg benieuwd naar de nieuwe software die op dit gebied gaat 
uitkomen. Inge en Anne zijn daar mee verder gegaan.
Voor de totstandkoming van Hoofdstuk 2 gaat mijn dank uit naar Lianne Takke. Lianne is 
afgestudeerd aan de KUN en ik heb de samenwerking met haar als erg prettig ervaren.
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Het intensieve werken met de software zoals beschreven in Hoofdstuk 3 en 4 kon alleen 
plaatsvinden op een school met een enthousiast team: mensen van De Verrekijker in Bergen 
op Zoom, bedankt! Bij deze studies is ook de hulp van student-assistentes onmisbaar 
gebleken: Jennifer, Anna, Nicole, Marieke en Tamara wil ik bij deze bedanken voor hun 
inzet.
De spraakmanipulatie voor het onderzoek in Hoofdstuk 6 en 7 is gerealiseerd door Paul 
Boersma van de UvA. Paul is hiermee onmisbaar geweest voor dit onderzoek en had naast de 
tijd die hij stak in de programmatuur ook nog tijd om vragen van mij te beantwoorden. Ook 
voor het onderzoek in Hoofdstuk 6 heb ik dankbaar gebruik gemaakt van student-assistentie: 
Kim, bedankt.
Voor de spraakmanipulatie in Hoofdstuk 8 kon ik terecht bij Joop Kerkhoff van de 
Vakgroep Taal & Spraak aan de KUN. Joop heeft de tijd genomen om samen met me de 
allofoonsynthese te realiseren die nodig was voor dit experiment. Bedankt Joop.
Een deel van het onderzoek in het tweede deel van dit proefschrift kon alleen 
plaatsvinden door een subsidie van Instituut St. Marie in Eindhoven. Hierbij wil ik dit 
instituut van harte bedanken voor het extra jaar onderzoek dat door deze subsidie mogelijk is 
gemaakt. Met Harry Simkens heb ik, zeker in het begin van het onderzoek rondom 
spraakmanipulatie, veel zinvol overleg gevoerd en ook ons bezoek aan het Scientific 
Learning Institute en Michael Merzenich in Amerika was interessant en onvergetelijk (zeker 
ons werkbezoek aan een school in Los Angeles en de tocht per limousine door San Francisco 
zullen me nog lang heugen).
Ik heb nog niet alle scholen bedankt die hebben meegewerkt aan het onderzoek in dit 
proefschrift. Ik heb scholen bezocht tijdens de ontwikkelfase van de software en tijdens het 
onderzoek. Het zijn er te veel om hier allemaal te noemen. Vanaf deze plek wil ik echter alle 
scholen die hebben meegewerkt en alle leerkrachten die me hebben geholpen van harte 
bedanken. Zonder jullie was het allemaal niet gelukt.
Een proefschrift in een vreemde taal schrijven is niet altijd even makkelijk. Vanaf deze 
plaats dan ook mijn hartelijke dank aan Lee-Ann Weeks en Kathleen Jenks voor hun hulp 
hierbij.
Naast alle mensen die hierboven al aan bod zijn gekomen, zijn ook collega’s erg 
belangrijk bij het uitvoeren van onderzoek. Altijd kon ik bij iedereen binnenlopen voor een 
praatje of met onderzoekstechnische vragen. Met name Rosemarie heb ik zeker in het begin 
veel lastiggevallen en ik mag ook vooral John van den Bercken hier niet vergeten voor zijn 
wijze lessen omtrent analyses met herhaalde metingen. Daarnaast hebben mijn collega’s ook
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gezorgd voor een prettig werkklimaat. Met name alle mede-aio’s zorgden voor veel 
gezelligheid op de werkvloer. Iedereen bedankt (en met name Marjolijn die ook nog paranimf 
wilde zijn)! Ook is dit te plaats om Ingeborg en haar collega’s van Polderland te bedanken 
voor de vele gezellige lunches in de mensa, hopelijk volgen er nog veel in de toekomst.
Als laatste is het voorwoord meestal gereserveerd voor vrienden en familie. Zo ook hier. 
Ik wil mijn ouders als eerste bedanken voor alle steun en vertrouwen die ze me hebben 
gegeven tijdens mijn studie- en AIO-jaren. Ook mijn schoonouders wil ik bij deze bedanken 
voor hun interesse in mijn werk en hun vertrouwen in mijn kunnen. Uiteraard wil ik hier ook 
mijn broer noemen die door zijn werk in het buitenland helaas niet als paranimf aanwezig kan 
zijn bij de promotie. Mijn schoonzusje is er gelukkig wel bij. Tot slot een woord van dank 
voor alle vrienden die in de loop der jaren interesse in mijn werk hebben getoond.
De laatste woorden van dit voorwoord zijn voor mijn man Steve. Steve, ik hoefje niet te 
vertellen hoe belangrijk je voor me bent. Je hebt altijd geluisterd als ik vertelde over mijn 
onderzoek en als ik het soms moeilijk had met wie of wat dan ook, stond je altijd voor me 
klaar. Jij gaf me de rust en warmte die ik nodig had op het thuisfront en door de felheid 
waarmee jij op bepaalde zaken kon reageren hielp je me of om de boel juist weer te 
relativeren of om soms beter voor mezelf op te komen. Ik kijk ernaar uit om samen 
binnenkort als kersverse ouders een nieuwe en spannende fase in onze relatie in te gaan.
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Introduction
The attraction of using software in education has always been the possibility of 
individualizing and adjusting the instruction to the competence of the learner (cf. Hansen, 
1966; Atkinson, 1974). In the early days, expectations were high. Atkinson and Hansen 
(1966), for example, made a bold attempt to have the computer replace the teacher in helping 
children learn to read. The computer could not replace the teacher completely: Some aspects 
could be trained effectively using the computer while the training of other aspects was 
actually impeded by use of the computer (Atkinson, 1974).
At the more recent turn of the century, some researchers made predictions with regard to 
what classrooms will come to look like during the course of the next millennium. Labbo 
(2000a) sketches a world in which we are surrounded by intelligent systems. Gaskins (2000) 
emphasizes the importance of technological innovations. However, as already stated in 1961, 
. .the most important problem in the teaching machine area is not the design of the machine 
itself but rather the design of good instructional material" (Carter, 1961, p. 708). This issue, 
raised more than 40 years ago, is still of great importance.
For decades, researchers have been searching to find the optimal design features for 
software intended to enhance children's learning. In computer research at the elementary 
school level, considerable attention has been devoted to teaching children how to read or 
helping children with reading problems learn how to read (for an overview, see Ehri et al., 
2001). With regard to children at the kindergarten school level, however, only a very few 
attempts have been made to explore the possibilities of computer-supported language and 
literacy training (see Labbo & Kuhn, 1998). The use of computers in kindergarten is not all 
that common and many of the teachers at this level do not as yet know how to use the 
computer in class (Labbo, 2000b). The question is also whether youngsters at this level are 
capable of working independently with the computer or not and whether learning gains are 
made or not. The developers of software for this age range encounter the problem of little or 
no insights into just how good software should be designed or developed for such children. 
Some critical aspects are discussed in a book by Druin and Solomon (1996), but very little 
sound scientific information is available.
The present dissertation aims to shed greater light on the possibilities of computer- 
supported language learning for children at the level of kindergarten in the Netherlands. The 
focus will be on two populations of children who are known to be at risk: children learning
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Dutch as a second language and children diagnosed with Specific Language Impairment. The 
development and efficacy of a software program to enhance the language learning of 
kindergarten children is described in a series of eight articles followed by a general 
discussion. In this introductory chapter, an initial global description of the language learning 
of kindergarten children will be presented along with an overview of those aspects of early 
language acquisition that appear to be good predictors of later school success. Thereafter, the 
two subject groups studied in the present dissertation will be introduced: children learning 
Dutch as a second language and children diagnosed with Specific Language Impairment. In a 
subsequent section, the use of computers in Dutch schools will be briefly reviewed and the 
need for well-designed educational software in this country highlighted. In a final section, the 
central research questions will be presented along with an outline of the dissertation.
Early language and literacy learning
By the age of four, children are in command of many of the grammatical principles and rules 
governing their native language. However, several studies have provided evidence that, both at 
the levels of competence and performance, language development continues into the school 
years (cf. Verhoeven, 1996). There is also considerable evidence for an association between a 
number of major developmental markers and the appearance of new forms of mediation or the 
transformation of old forms of mediation. A clear example is the transition from utterance to 
text. That is, children’s later language development is characterized by a growing command of 
the rules of discourse. Yet another developmental marker is vocabulary. When children enter 
kindergarten, they have an estimated passive vocabulary size of about 2000 words 
(Verhoeven & Vermeer, 2001). In a period of two years, this vocabulary grows to about 4000 
words and storybook reading in the home and at school appear to be important contributors to 
such growth (Bus, Van IJzendoorn & Pellegrini, 1995). In addition, vocabulary knowledge 
has been found to be an important factor for overall school success (Bus, Van IJzendoorn & 
Pellegrini, 1995; Baker, Simmons, Kameenui, 1998).
Another major developmental marker is the transition from oral to written language. Many 
four-year olds know the purpose of printed text, some can write the first letter of their name, 
and many can form expectations about a story when being read to them. These are all aspects 
of children’s so-called "emergent literacy" (Sulzby & Teale, 1991; Yaden, Rowe & 
MacGillivray, 2001). In kindergarten, children’s knowledge of written language expands 
quickly, and they enter the phase of "beginning literacy" when they discover that a sentence 
consists of separate words and that these words can be divided into syllables or they discover
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that words can rhyme. Still later, these same children learn to discriminate the different 
sounds in a word and that words can be divided into phonemes (Treiman & Zukowski, 1996). 
This knowledge is part of their "phonological awareness," which has proved to be an 
important predictor of children’s success learning to read (cf. Blachman, 2000). Children also 
learn more about print. Before they enter first grade, they often know several letter names, 
which is one of the most important predictors of success learning to read (Share, Jorm, 
MacLean & Matthews, 1984).
The language development described above is not as easy or natural for all children. The 
learners of a second language often have vocabulary problems, which cause many problems 
in their school career. For children with specific language problems, the development of 
phonological awareness can be a laborious process. And the language development of these 
groups will therefore be considered further in the following section.
Language learning in special populations
Second language learners
Snow, Burns, and Griffin (1998) have described second language learners as a risk group 
for reading problems. Not only do these children have a vocabulary delay when entering 
elementary school, they also frequently come from a home with poorly educated parents, a 
low-family income, marked cultural differences between home and school, and very different 
educational values and expectations. Early differences in vocabulary knowledge have a 
strong impact on overall school success (Baker, Simmons & Kameenui, 1998).
The children learning Dutch as a second language in the present study fit Snow et al.'s 
profile. Their parents often came to the Netherlands from such countries as Turkey and 
Morocco, and studies by Verhoeven and Vermeer (1992) — among others — have shown 
the Dutch vocabularies of these children to be much smaller than those of native children.
The immigrant children also do not catch up to their native peers. In fact, the differences in 
the vocabularies of the two groups only increase over the elementary school years and 
particularly when the children start to read books on their own and can thus learn new words 
from a written context. Children with smaller vocabularies cannot as yet read such books, 
which means that their vocabularies do not expand as quickly and that the gap between the 
two groups only increases (Stanovich, 1986). Children with limited vocabulary skills, in other 
words, often encounter problems with reading comprehension as well.
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In the domain of technical reading, second language learning need not be a disadvantage. 
Also in the domain of phonological awareness, there is not much evidence that these children 
lag behind their native peers. However, Verhoeven (2000) has shown Dutch immigrant 
children to have slight problems with the acquisition of Dutch grapheme knowledge at the 
start of formal reading instruction. These same children have been found to lag behind on 
tasks involving phonemic segmentation and word spelling. In the present dissertation, the 
effectiveness of a computer language intervention to promote both vocabulary skills and 
beginning literacy will therefore be explored with such a subject group.
Children with Specific Language Impairment
Bishop (1992) has defined Specific Language Impairment (SLI) as a "delay in normal 
language development that cannot be explained in terms of mental or physical handicap, 
hearing loss, emotional disorder or environmental deprivation" (p.3). Bishop and Adams 
(1990) and Bird, Bishop, and Freeman (1995) have further pointed out the risk of later 
reading problems when children suffer severe language problems. It is therefore 
recommended that intervention be undertaken before the start of actual reading instruction.
Phonological awareness is an important predictor of success learning to read (cf. 
Blachman, 2000). While phonological awareness does not always develop spontaneously, it 
can be trained successfully before the start of reading instruction (Lundberg, Frost, & 
Peterson, 1988). Gillon (2000) has also recently shown that phonological awareness can be 
trained in children with spoken language impairment.
It is generally believed that specific language impairment is strongly related to difficulties 
with the temporal processing of auditory information (Tallal, 2000). It is hypothesized that 
the ability of children with SLI to discriminate and process the basis components of speech 
differs from that of their peers and, as a result, children with SLI also encounter problems 
with the extraction of the phoneme units from the stream of spoken language (Bishop 1997). 
Such speech discrimination problems then cause problems with the development of 
phonological awareness. Research by Tallal and others (Tallal & Piercy, 1975; Tallal et al. 
1996) nevertheless suggests that this discrimination problem can be overcome by 
manipulating the speech signal and then training children to hear the differences between 
sounds.
In the present dissertation, the effects of the different types of speech manipulation used 
by Tallal on the word discrimination abilities of children with SLI will be studied. In 
addition, a computer intervention to train phonological awareness was undertaken.
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Computers in elementary education: The situation in the Netherlands
In the Netherlands, children enter the first of two years of kindergarten at the age of four. 
Thereafter, the children enter the equivalent of first grade where formal reading instruction is 
started. Brummelhuis and Drent (2000) and Brummelhuis (2001) have investigated the use of 
computers in elementary schools in the Netherlands and the desires of teachers with regard to 
educational software. On average, the student/computer ratio has increased from 1 computer 
per 27 children in1998 to 1 computer per 12 children in 2000. These numbers pertain to the 
entire elementary school, however. Whether 1 computer per 12 kindergartners is also 
available is simply unknown. With regard to the educational software, teachers consider the 
following aspects to be important: a link to already existing instructional methods, being 
adaptive in character, and being easy to use (i.e., allowing children to work with the computer 
independent of the teacher). In addition, the software needs to register the progress of the 
children in order to help teachers know about any problems encountered by a children.
At the start of the present research project in 1996, very little educational software was 
available for the preschool and kindergarten levels of learning. In 1984, the installation of 
personal computers and additional software for elementary schools was undertaken under the 
auspices of the government-funded "Comenius project." For Dutch kindergarten children, a 
software program called Clowns was developed and is still used in most schools today. One 
can imagine that this software is fairly outdated by now and not really in line with the goals 
of kindergarten education today (Verhoeven & Aarnoutse, 1999). Teachers also report 
frequently using so-called “edutainment software” but with the educational goals easily 
overruled by the entertainment goals of the software.
In 1996, the Dutch government recognized the lack of good educational software for 
schools and funded the "Interactieproject" (i.e., Interaction project) for the development of 
adaptive software programs. The computer program described and studied in the present 
thesis is one of the relevant pieces of software.
Central questions and outline of the dissertation
In addition to describing the development of a software program to enhance the early 
language and literacy skills of kindergartners in the Netherlands, the following research 
questions will also be addressed.
1. To what extent does multimedia support enhance the language and literacy 
development of children acquiring Dutch as a second language?
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2. To what extent does multimedia support enhance the language and literacy 
development of children with Specific Language Impairment?
3. What are the effects of speech manipulation on the language learning of children 
with Specific Language Impairment?
The present dissertation is a compilation of eight separate articles that have either been 
accepted for publication or submitted for publication. The thesis is divided into two major 
parts: 1) Multimedia support of children learning Dutch as a second language and 2) 
Multimedia support of children with specific language problems.
The first part of the thesis consists of four chapters/articles. In Chapter 1 ("Multimedia 
support of early literacy learning"), the development of and theoretical background for the 
software used in this dissertation as well as the results of two pilot studies on the 
effectiveness of computer vocabulary instruction for immigrant kindergartners are described. 
In Chapter 2 ("Teacher-mediated versus computer-mediated storybook reading to children in 
multicultural classrooms"), the differential effects of teacher versus computer reading to 
children with an eye to their vocabulary development and story understanding are reported on 
and discussed. Both native and immigrant children were tested in the experiment reported in 
this chapter. In Chapter 3 ("Effects of vocabulary computer training in kindergarten"), the 
results of an extension of the pilot studies described in Chapter 1 to include a more long-term 
intervention with native and immigrant children are reported on. The effects on both 
curriculum-dependent and curriculum-independent tests are studied. In Chapter 4, ("Effects 
of phonological awareness computer training in kindergarten"), the results of a one-year 
computer intervention are reported. The effects of the training on such variables as rhyming, 
phonemic segmentation, auditory blending, and grapheme knowledge for the experimental 
group are compared to the progress of a control group. The long-term effects after four 
months of formal reading instruction in the equivalent of first grade are also reported on.
The second part of the thesis also consists of four articles. In Chapter 5 ("Benefits of 
speech manipulation for children with language disorders"), a review of the research on and 
theories concerned with speech manipulation is presented. The difficulties that children with 
SLI encounter with fast formant transitions in particular are described, and the benefits of 
speech manipulation and the use of speech manipulation as part of a computer intervention 
are also described. In Chapter 6 (“Does speech manipulation make word discrimination 
easier?"), three types of speech manipulation and normal speech are compared to determine 
which type of speech input facilitates natural speech word discrimination in children with 
SLI. In Chapter 7 ("Computer-supported phonological awareness intervention for
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kindergartners with Specific Language Impairment"), a phonological awareness computer 
intervention involving normal versus manipulated speech is evaluated. The two experimental 
conditions are compared to a control condition. Finally, in Chapter 8 ("Effects of word 
lengthening on auditory discrimination in kindergartners with SLI "), the possible benefits of 
speech manipulation for the word discrimination of children with SLI are elaborated on. This 
time synthetic speech is used.
In closing, some general conclusions and a discussion of the research results considered 
as a whole will be presented. In addition, some limitations on the present study will be 
mentioned and a number of the implications of the present findings for current educational 
practice will be highlighted.
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Chapter 1
Multimedia support of early literacy learning1
Abstract
In the present article, the development of a child-friendly computer software program to 
enhance the early literacy skills of kindergarteners in the Netherlands is described. The 
ergonomic aspects of designing software for young children are described along with the 
content of the program in connection with the literature on early literacy. The results of two 
studies with immigrant kindergarteners trained using the story and the vocabulary part of the 
program are also reported. After a short amount of training, the vocabulary of the children 
was found to show significant gains.
Keywords: architectures for educational technology systems, cross-cultural projects, 
elementary education, interactive learning environments, media in education.
1 Introduction
Research on emergent literacy has shown that such interactive activities as storybook 
reading, communicative writing, and language games can have considerable impact on 
children's oral and written language development (Sulzby & Teale, 1991; Yaden, Rowe & 
MacGillivray, 2000). The interaction with symbols in an environment with literate others 
helps children to realise that print carries meaning, that written texts can have various forms 
and functions, and that ideas can be expressed with written conventions. In addition to this, 
interactive storybook reading helps children expand their vocabulary and gain insight into 
the structure of narrative text. Conditions that highlight the purpose and relevance of literacy 
also appear to be quite important for the development of literacy. In fact, empirical studies 
have shown the attainment of literacy to be clearly stimulated by the provision of a school 
environment that expands on the positive literacy experiences prior to school (cf. Snow, 
Burns & Griffin, 1998).
The use of computers in kindergartens can make parents frown and ask whether it is really 
necessary to place these youngsters behind such a machine. Practice shows, however, clear 
learning gains from interacting with the computer and that the children have fun. Recent 
qualitative research also shows many of the young children playing in a computer
1 Reference: Segers, E., & Verhoeven, L. (2002). Multimedia support of early literacy learning. Computers and 
Education 39, 207-221.
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environment to develop an understanding of the computer as a communicative tool (Jones, 
1994; Labbo, Reinking & McKenna, 1995; Labbo, 1996; Olson, 1994). In addition to this, 
children’s conceptual knowledge of the forms, processes, and products of electronic symbol 
making is enhanced by experience with computer-driven language games (see Labbo & 
Kuhn, 1998, for an overview).
Although there is clear evidence that computer interaction can teach young children about 
the use of symbol systems and communicative tools, there is a paucity of good educational 
software for use in the school. There is considerable entertainment software that claims 
educational goals, but this software is designed for the home-market and often lacks a solid 
educational basis (Schacter & Fagnano, 1999).
In the present study, the development of a child-friendly computer software program to 
enhance the early literacy skills of kindergarteners in the Netherlands was undertaken. In the 
Netherlands, kindergarten starts at age 4 and lasts two years. Kindergarten teachers follow a 
developmental approach in which the Vygotskian notion of “expanding the zone of proximal 
development” is followed (Vygotsky, 1962). Teachers try to expand a child’s development 
by asking questions beyond the range of the child’s interests and abilities and by highlighting 
new connections with already stored information. In order to do this, the vast majority of 
teachers use a kindergarten program which is a primer, linked to the reading program Veilig 
Leren Lezen (Learning to read safely) (Mommers, Verhoeven & Van der Linden, 1990) 
typically used in grade one. The kindergarten program has four main literacy objectives: 
becoming familiar with books and stories (1), enlarging vocabulary (2), enhancing 
metalinguistic awareness (3), and discovering the alphabetic principle (4).
Teachers in the Netherlands are faced with a very diverse group of children on account of 
three factors. The first factor is that the classes can grow in size during the school year. 
During the school year, young children who have just turned four can enter a kindergarten 
class; these children constitute the so-called 0 group and will be in kindergarten for two more 
years starting the following school year. There can therefore be more than 25 children in a 
single kindergarten group at a time varying in age from 4 to 6 years. The children are in the 
first or second year of elementary school and usually stay with the same teacher. During the 
first year, they are the younger kindergarteners; during the second year, they are the older 
kindergarteners and being prepared for —  among other things —  formal reading instruction.
Age difference is not the only factor that causes diversity within the kindergarten group.
In the Netherlands, there is a large group of immigrant children from —  among other places 
—  Morocco, Turkey, and Suriname. These children often enter kindergarten without any
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knowledge of the Dutch language or a severe lag in their knowledge. The language 
environment for these immigrant children can be generally characterised as follows. They are 
living in primarily ethnic language-speaking homes with mothers who are typically 
monolingual speakers of a language other than Dutch. The early language input to the 
children is thus restricted to this language. The Dutch language enters the lives of these 
children only very gradually via Dutch playmates (if at all), television and school. Research 
by Verhoeven and Vermeer (1992) and Stoep and Verhoeven (2001) has also shown the 
Dutch vocabularies of immigrant children to be much smaller than those of Dutch children. 
This difference tends to increase during the primary school years, which is referred to as the 
Matthew effect (Stanovich, 1986).
The third factor making kindergarten classes in the Netherlands so diverse is the 
government policy of keeping as many children in the regular as opposed to special 
education system as possible. It is assumed that children benefit most from such a situation, 
but it does place a considerable strain on the teachers involved.
The three factors mentioned above also call for adaptive education and individualised 
teaching. Well-designed educational software can obviously be a very helpful tool. The 
development of a computer supported literacy curriculum in which language experiences are 
highly emphasised has been promoted in the past (see Adam & Wild, 1997). In order to 
provide schools with sound educational software, the Dutch government also recently funded 
a project for the design of an educational computer program taking the three aforementioned 
factors into consideration. The project was carried out in co-operation with a school 
publisher (Zwijsen) and the University of Nijmegen. The computer program is linked to an 
already existing literacy program and therefore has some clear advantages over other 
computer programs. The teachers are already familiar with the principles on which the 
program is based and can therefore fit the software easily into their regular classroom 
activities. The computer program is called: Schatkist met de Muis (Treasure chest with the 
Mouse) (Verhoeven, Segers & Mommers, 1999) and consists of five CD-ROMs with the 
same basic framework.
In the present article, the ergonomic and educational potential of this software will be 
discussed. We will first describe the design of the software package and then some 
ergonomic aspects of designing software for young children. Very little is known about the 
latter, so we decided to undertake some observational studies. After consideration of the 
ergonomic aspects of designing software for children, the content of the program will be
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described in connection with the relevant research literature. In the final section, the results 
of two studies on vocabulary learning will be presented and discussed.
2 Program design
2.1 Ergonomic aspects
An educationally sound idea is not enough for the development of a good software 
product. One must also take the ergonomic aspects of program use into consideration. 
Kindergarteners cannot read and are not very skilled computer users. The program should 
therefore have a very clear structure, easy-to-understand buttons, and no written text. Very 
little is known about the design of computer programs for young children. Druin and 
Solomon (1996) have published a book that addresses some of the relevant issues but does 
not meet all of our demands. Prior to the actual designing of our product, we therefore 
conducted pilot research in several kindergartens. The children played with existing 
educational and entertainment software, and we observed just how the children interacted 
with the packages.
The motor skills of kindergarteners are not completely developed. They do not have 
perfect eye-hand co-ordination as a result, and this is exactly what was found to cause 
problems for the children observed in our pilot research. Many of the children had great 
difficulties with a picture colouring game requiring them to paint the buttons of a blouse. The 
buttons were simply too small. In other words, the areas/buttons to be clicked on should be 
as large as possible on a computer. In fact, when a child clicks close enough to the area for 
an item, the program should automatically accept it. In our observations, we saw how 
children put a lot of effort into positioning the cursor at the right place on the screen; when 
letting go of the mouse in order to click one of the buttons on the mouse, the cursor 
frequently moved and the child clicked a different location as a result.
Also due to their incompletely developed motor skills, the children in our pilot research 
were frequently found to have difficulties with the “drag and drop” procedure. In the design 
of our computer software, we therefore decided to have children select an object by clicking 
on it. By clicking again, the object can be “dropped” (i.e., placed in position). Joiner, Messer, 
Light, and Littleton (1998) reached the same conclusion after the conduct of an experiment 
in which children of several ages were asked to drag or click on objects and then position 
them.
A final observation based on our pilot work with an early version of the computer 
program should also be made at this point. When a child is asked to click on, for example, a
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tree and the child asks for help, the program points at the tree. We initially used a little white 
hand, which is a standard Windows mouse pointer, to point to the tree. However, many of 
the children failed to notice the small cursor as they obviously did not know where to look on 
the screen and the pointer was very small. It was also found that even when the cursor 
pointed at the tree, some of the children would nonetheless click on the bird above the tree 
because this was also being pointed at. Our solution to this problem was to use four large 
green arrows. The arrows could only point at one object on the screen and hardly be missed.
When the aforementioned observations were taken into account, the result was a program 
that is easy and fun for young children to use. In pilot studies with early versions of the 
program, we found that, after a short introduction to the program, most kindergarteners can 
work independently and without the help of an adult. Further details on the program will be 
presented in the following sections.
2.2 Overview o f the CD-ROMs
In creating the learning environment, an attempt was made to engage the children and 
address their independence as learners. First, the environment was designed to have the 
children personally choose from the literacy activities. When children are allowed to select 
tasks and texts that they are most interested in, they tend to expend greater effort on the 
relevant learning and understanding (Schiefele, 1991). The literacy activities were also 
constructed to sufficiently challenge the children, to let them take control of their own 
learning via self-monitoring devices, and to also promote feelings of competence and self­
efficacy as a result. In designing the software, the option of adaptivity was highly 
emphasised. Adaptivity was defined as the ability of the computer program to have the 
correct set of games available for each individual child and to have the games adjusted to the 
knowledge level of that child.
Each CD-ROM is roughly divided into a teacher part, a story/vocabulary part, and a part 
with language games for children. Figure 1.1 provides an overview of the content of each 
CD-ROM. The adaptivity is marked in bold arrows. The adaptivity applies across the five 
CD-ROMs: when a child has access to a certain game on one of the CD-ROMs, he also has 
access to the same game on all of the other CD-ROMs. The software also keeps track of the 
letter knowledge of each child, and this information is then used in the letter booklet and 
word game (see section 2.3.4).
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Figure 1.1: Overview o f the CD-ROMs. Bold arrows indicate an adaptive relationship.
2.3 Content o f  each CD-ROM
2.3.1 Vocabulary acquisition by computer
Listening to a story
Listening to stories has been shown to enhance vocabulary learning (Elley, 1989). 
Particularly when the teacher elaborates on the story and interacts with the children, the 
learning gains can be quite high. Interactive storybooks on a computer enable children to 
interact with the story (Anderson, 1992; Underwood & Underwood, 1998) and can thus 
enhance both vocabulary (Stine, 1993) and text comprehension (Miller, Blackstock & Miller, 
1994). Children just starting to read have also been found to benefit from talking books with 
accompanying text and reinforcement activities (Lewin, 2000).
In our computer program, a story with story pictures as anchors can be presented 
(Bransford, Sherwood, Hasselbring, Kinzer & Williams, 1990). When children first play with 
one of the five CD-ROMs and choose to play with the story/vocabulary part of the program 
by clicking on the little book, they listen to a story. The story is short, about 300 words, and 
consists of high-frequency words that kindergarteners with a limited vocabulary can be 
expected to understand. The story was intentionally kept short in order not to lose the 
children’s attention. At the end of each story fragment, the parrot puppet at the bottom of the 
screen asks a question, which the children can then answer by clicking somewhere in the
18
Chapter 1
picture. In such a manner, the children are actively involved in the story and their 
understanding is enlarged.
If a child cannot hear or understand the question, he or she can click on the parrot to have 
the question repeated. When the child provides an incorrect answer, the little pirate next to 
the parrot helps them. First by telling the child that the answer was not correct and that he or 
she should try to answer the question again. If the second answer is incorrect, four large green 
arrows then point at the correct object in the picture. If the child still does not click in the 
right area, the program takes control of the cursor and points to the correct answer. The 
children can also ask the pirate for help by clicking on it; the four green arrows then point at 
the correct object.
At the end of the story, the child is asked to arrange the pictures in the correct order. This 
is a difficult task, but the pilot research showed that the pictures could be correctly ordered in 
a maximum of five attempts. The next time the child enters the storybook, he or she can 
choose to listen to the story again or immediately start playing with the vocabulary games, 
which are described below.
Vocabulary games
After the child has listened to the story at least once, vocabulary games can be played 
using the story pictures. The story pictures all represent a fairly “high knot” in the semantic 
network and thus have numerous relations: a bakery, a living room, a forest, or a 
supermarket. With each picture, many words can be learned by playing several types of 
vocabulary games.
The first type of vocabulary game is the pointing game, which requires children to point at 
the objects the parrot asks for. As usual, the pirate provides help when needed. The second 
type of vocabulary game is the shifting game, which requires the child to move an object to a 
particular place in the picture. The parrot asks the child, for example, to place the cup of 
coffee on the kitchen table. This game is of special interest for learning prepositions, which 
can be particularly problematic for young children (see Figure 1.2 for an example). The third 
vocabulary game is a yes/no game. The child must decide whether an object belongs in the 
picture or not. The parrot asks, for example, whether you can buy a carrot in a bakery or not. 
The fourth vocabulary game is a colouring game in which objects in the picture have to be 
painted or decorated. The parrot asks the child, for example, to paint the curtains red or make 
the curtains flowered.
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Figure 1.2: Vocabulary game: Can you place the e lf among the mushrooms? (Schatkist 
met de muis, CD-ROM 2).
When the child demonstrates no problems with these games, two other vocabulary games 
become successively available. The first game is a pointing game in which the parrot chops 
the words into syllables (e.g., Can you point to the kit-chen ta-ble?). The second game 
involves a word being written on the screen and the graphemes lighting up as the parrot 
slowly pronounces the word. These two games stimulate not only vocabulary acquisition but 
also metalinguistic awareness of the ability to reflect on the units of language.
As can be seen in the upper left above the picture in Figure 1.2, the child has to answer 
five questions per session. The figures above the picture turn green, yellow, or red depending 
on the number of efforts it takes the child to answer a question. The answering of the five 
questions cannot be interrupted, so the child is not encouraged to switch from one thing to the 
next. Each CD-ROM contains 200 questions with 50 questions per picture.
2.3.2 Discovery games
When the children play with the program and choose from the language games by clicking 
on the treasure chest, they can select one of five different games. Four of the games are so- 
called discovery games, the fifth is a rhyming and synthesis game. The first game contains 
two songs and two rhymes per CD-ROM. The text appears in karaoke on screen. A child can 
discover that one starts reading at the top left part of a page by playing this game or that the
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direction of reading is from left to right. They can also discover that sentences are divided 
into words and that words can rhyme.
The second discovery game is a colouring game. An example is shown in Figure 1.3. 
Children can learn the names of colours and see the differences between the graphemes. They 
can also choose to leave the words out of the picture by clicking on the letter-flower at the 
bottom of the screen. The picture can then be filled with colours of their own preference.
Figure 1.3: Coloring game (Schatkist met de muis, CD-ROM2).
The third game involves making a little booklet. Children can fill in the slots in sentences 
and thereby create their own book to be printed and taken home. In such a manner, they learn 
how thoughts can be put on paper and be recaptured by print.
The fourth discovery game is a drawing program in which children can make their own 
picture postcard by stamping and drawing. The learning goal is about the same as in the third 
game.
2.3.3 Rhyming and synthesis game
The importance of training metalinguistic awareness has been demonstrated by —  among 
others —  Lundberg, Frost, and Peterson (1988). In their study, kindergarten teachers paid 
special attention to this aspect of language. More recently, computer programs have also 
been shown to help facilitate such an awareness (see, for example, Foster, Erickson, Foster, 
Brinkman, & Torgeson, 1994; Reitsma & Wesseling, 1998).
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In our computer program, we implemented an adaptive game that switches between ten 
different rhyming and synthesis exercises. The exercises automatically increase in difficulty 
when the child shows no problems at a particular level. Making a sentence rhyme by 
selecting the right picture is an example of such a rhyming exercise: The cat sleeps on the 
[mat, chair, floor]. Selecting the right picture to go with a segmented sound pattern is an 
example of such a synthesis exercise: /s-ou-p/. Each type of exercise consists of three sets of 
five questions; this is a total of 750 questions across the five CD-ROMs.
2.3.4 Familiarity with graphemes and words 
A first introduction to graphemes
Research shows the importance of combining metalinguistic awareness with letter 
knowledge for learning how to read (Bradley & Bryant, 1983; Roth & Schneider, 1998). For 
this reason, when a child is able to synthesise consonant-vowel-consonant words (with 
picture support) in the rhyming and synthesis game, the two games involving graphemes also 
become available in the treasure chest.
The first letter game demonstrates the basic reading process by spelling the phonemes and 
combining them into a word. The word is spoken and then removed from the screen. The 
child must place the accompanying picture into one of two boxes, selecting the one that 
represents the correct initial grapheme of the word. Children learn how “reading” is done and 
gain familiarity with the different graphemes.
The second letter game requires the children to copy simple consonant-vowel-consonant 
words. The graphemes for each position in the word can be found by clicking on an arrow. 
This game is easy to perform, which gives the children some reading success experiences. 
The children can also discover how a new word can be created by changing a single 
grapheme.
Further experiences with graphemes and words
When a child shows no problems with the previous games, a new game becomes available 
to test their grapheme knowledge. In this letter game, the child is asked to point at the object 
with the grapheme the parrot asks for. The program makes a “letter book” containing all the 
graphemes that a child knows for each child. This book can be printed, of course.
When the child knows enough letters to make at least five consonant-vocal-consonant 
words, the final game becomes available. In this game, the child makes words with the letters
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he or she knows and tries to find the words from which a picture is available in the program. 
All of the words are placed in a “word book,” which can also be printed.
2.4 The role o f the teacher
The teacher plays an important role when the computer is implemented into the classroom 
curriculum. Letting the children work with the program but without monitoring what they are 
doing is of little use. For this reason, a monitoring feature has been explicitly implemented 
into our program to supply the teacher with specific information on which games each child 
has played and how many errors he or she has made. The teachers can intervene when a child 
is not able to get any further in the program. When a child does not grasp the concept of 
rhyming, for example, the teacher can devote extra attention to this aspect of language 
separate from the computer.
Another option in such a case is to have the child who is not making any progress work 
together with a child who is. Schunk (1989) has shown that working together can increase 
children's motivation, effort, and persistence; working together can also increase their 
confidence in their own ability to succeed.
If teachers so desire, they can also have children play specific games. This may be 
particularly useful when the teacher wants a child to pay specific attention to a certain story 
on a CD-ROM. When the teacher reads the story to the child or children prior to its 
presentation on the computer, this can provide extra stimulation. In such a manner, the 
teacher can also activate the children’s knowledge of the topic of the story and explain 
particularly difficult parts.
An informal survey among five teachers using the program showed the monitoring feature 
to be used when a child is expected to have a delay. The feature is also used to check whether 
the child is using the computer appropriately or not. The teachers may also sometimes block 
the discovery games when their monitoring shows the child to need more structure to play the 
games.
3 Two studies of enhancing vocabulary acquisition
To our knowledge, there is no research to date on the computer-supported vocabulary 
development of non-readers. Two studies were therefore undertaken to test the effectiveness 
of the computer vocabulary games described above. More specifically, whether immigrant 
children in their second year of kindergarten (study 1 ) or first year of kindergarten (study 2 ) 
benefit from a short-term computer-supported vocabulary training program was examined.
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3.1 Study 1
3.1.1 Method 
Subjects
Twenty-five children (15 males, 10 females) from two different schools in their second 
year of kindergarten participated in the training. They were all immigrant children: 11 were 
Turkish, the other 14 children had six different nationalities. The average age of the children 
was 65.4 months.
Material
The Passive Vocabulary Task from the Taaltoets Allochtone Kinderen (Language Test 
Immigrant Children; Verhoeven & Vermeer, 1986) was administered. The average score 
attained by the children was 16.2 (SD = 10.3). All of the children scored low to very low 
when compared to the norm group of native children, but average when compared to the 
Turkish and Moroccan norm group.
In addition to the aforementioned test, a curriculum-dependent vocabulary test was 
constructed on the basis of the words presented on the training CD-ROM. The test consisted 
of 29 nouns. Children were, for example, asked to tell the experimenter if  they knew what a 
raisin was. If the child could not answer the question or simply responded that it was 
something you can eat, the experimenter would further ask: "What does a raisin look like? 
Where have you ever seen a raisin?" (cf. Anglin, 1985). The child could receive a score of 0,
1, or 2 points per word. One point was accredited when the child did not provide an exact 
definition but was nevertheless within the correct semantic area: when the child said that 
raisin bread was the same as a raisin, for example. Both the reliability of this curriculum- 
dependent test when administered at pre-test (a  = .75) and the correlation between the 
curriculum-independent and curriculum-dependent tests (r = .72, p  < .001) were found to be 
satisfactory.
In a pilot study, it was established that no test-retest effects occurred when the curriculum- 
dependent vocabulary test was administered again after a four-week period. The subjects in 
the pilot study (four immigrants in their first year of kindergarten and five in their second 
year) were comparable to the subjects in the present two studies. A repeated measures 
analysis with Time (pre-test, post-test) as the within subject factor and Group (first year, 
second year) as the between subject factor showed no significant main effect of Time (F(1,7)
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= 1.03, p  > .30) and no significant interaction between Time and Group (F(1,7) — 0.33, p  > 
.50) in the pilot study.
For the first study, the children used only the story part of one of the CD-ROMs. This 
contained a storybook and vocabulary games pertaining to the narrative "Manja is jarig" (It’s 
Manja's birthday).
Procedure
The first study had a pre-test —  training —  post-test design. At pre-test, both the 
curriculum-independent and curriculum-dependent vocabulary tests were administered.
The training consisted of three 25 minutes sessions. Each time, two children were taken 
out of the classroom. The children were seated in a separate room elsewhere in the school 
with their own computer. The children quickly learned to work independently with the 
program and choose between the storybook or vocabulary games.
At post-test, only the curriculum-dependent test was administered, one week after the 
training.
3.1.2 Results
A t-test revealed a significant difference between the average scores at pre- versus post­
test (t(24) — -8.56, p  < .001). In other words, the computer training positively influenced the 
children’s vocabulary knowledge. In Table 1.1, the average scores and standard deviations at 
pre-test and post-test are presented.
Table 1.1: Scores at pre- and post-test o f five-year olds.
number of average score
children (standard deviation)
pre-test 25 17.28 (6.42)
post-test 25 26.68 (10.28)
A significant correlation between the children’s scores at pre-test and their vocabulary 
gains as a result of the computer training was found (r — .49, p  < .05). Those children who 
scored high at pre-test also learned the most.
3.1.3 Conclusions
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A short training with the computer program showed positive results. The children made 
progress and enjoyed working with the program. Those children who scored high at pre-test 
also learned most from the training. This finding is in accordance with the results of studies 
by Robbins and Ehri (1994) and Ewers and Brownson (1999) but not in accordance with the 
results of a study by Elley (1989). In the latter study, those children scoring lowest at pre-test 
made the most progress as a result of training. However, Elley’s findings were not 
statistically tested, and a ceiling effect may have occurred for the children scoring highest at 
pre-test —  according to Robbins and Ehri (1994).
3.2 Study 2
The focus of the second study was on whether young immigrant children in their first year 
of kindergarten also learn new words as a result of working with the program and whether 
any long-term positive effects can be detected.
In contrast to the first study, a complete version of the program was available for the 
second study. The teacher/monitoring part of the program was also now available, which 
made it possible to keep track of the number and types of exercises the children did. The 
effects of these different numbers and types of exercises on the vocabulary development of 
the children could then be investigated. We assumed that children who performed a greater 
number of exercises would learn more words and that those words encountered most 
frequently would also be the words learned best.
3.2.1 Method 
Subjects
Thirty children(13 males, 17 females) from two different schools participated in the 
experiment. These were the same schools as in Study 1. The children were all immigrants: 13 
were Turkish, 7 Moroccan, and the other 10 children had 4 different nationalities. The 
children were in their first year in kindergarten; their average age was 57.3 months.
Material
The curriculum-dependent test from Study 1 was again used, and the children used the 
same story part of the same CD-ROM as the children in the first study.
Procedure
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The study had a pre-test —  training —  post-test 1 —  post-test 2 design. On the basis of the 
assumption that it would be too difficult for such young children to concentrate for 25 
consecutive minutes, it was decided to replace the three times 25 minutes training from Study 
1 by six times 15 minutes (across a period of three weeks). Given the young age of the 
children, considerable time was also spent during the first session demonstrating how to work 
with the software. The training during the remainder of the sessions was comparable to that 
in Study 1.
The first post-test was administered one week after completion of the training; the 
second post-test one month later.
3.2.2 Results 
Vocabulary test
A within-subjects repeated measures analysis showed a main effect of Time (F(2,58) — 
55.56, p  < .001). The children clearly learned during the training period. Paired samples t- 
tests showed differences between pre-test versus first post-test (t(29) — -7.90, p  < .001) and 
pre-test versus second post-test (t(29) — -8.32, p  < .001) but not between first and second 
post-test (t(29) — -0.30, p  > .05). In Table 1.2, the average scores and standard deviations for 
the pre-test and both post-tests are presented.
Table 1.2: Scores at pre- and post-tests offour-year olds.
number of average score
children (standard deviation)
pre-test 30 14.57 (8.63)
post-test 1 30 20.43 (9.78)
post-test 2 30 20.57 (9.63)
Computer use
The group of 30 children was divided into two groups of 15 children each, based on the 
number of exercises they performed during the training. The first group performed 32 
exercises or less, the second group more than 32 exercises. Learning gain (defined as the 
percentage of the unknown words at pre-test later learned) was found to depend on the 
number of exercises performed (t(28) — -2.15, p  < .05). The average learning gain for the 
group of children who did the most exercises (.18) was almost twice as high as the average
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learning gain for the children who did fewer exercises (.10). At the same time, we also found 
that the group of children who did the most exercises scored significantly higher at pre-test 
than the children who did fewer exercises.
In other analyses, the average number of times a word was encountered by one group of 
children was compared to the average progress made by the group on that word. On average, 
a word was seen 3.37 (SD = 2.45) times during training. Based on Robbins and Ehri (1994), 
who suggest that a word must be encountered on at least four occasions to be learned, the 
group of 29 words was divided into words seen four or more times during training versus less 
than four times. Only eight of the 29 words were seen four or more times during training. T- 
tests showed no relations between the frequency of seeing a word and progress on that word 
(t(27) = -1.04, p  > .05) or the frequency of seeing a word and learning gain (t(27) — 1.52, p  > 
.05).
3.2.3 Conclusions
Immigrant children at the kindergarten level of school clearly benefited from the 
computer-supported vocabulary program. In Study 2, the significant learning gains they 
demonstrate are found to be still visible one month after training. It is interesting to note that 
children's learning gains tend to be higher as they performed more exercises on the computer 
or as they scored higher at pre-test. However, no specific relation was found between the 
average number of times that a word was encountered during training and the average 
learning gain for that word in particular. Robbins and Ehri (1994) indicate that a word should 
be encountered a least four times in order to learn it and also add that four times is probably 
the minimum. Jenkins, Stein, and Wysocki (1984) found significant learning gains only after 
a word was offered six times. In Study 2 of this article, only four of the 29 words were 
encountered six or more times during training. A more elaborate training study is therefore 
called for to study the effects of viewing frequency on word learning.
4 Discussion
In the present article, we hope to have shown that the construction of a child-friendly 
computer program at kindergarten level is feasible. Multimedia language programs can be 
designed to support specific aspects of early literacy and thus for use in a multicultural 
kindergarten classroom. Talking books also have the potential of enhancing children’s story 
comprehension and vocabulary knowledge. The conceptual knowledge of children “reading” 
such books develops, and they also gain insight into the narrative structure of stories. It was
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also shown how multimedia language games can promote insight into the functions and 
structure of written language. It can be assumed that children’s interactions with symbols and 
word structures within a multimedia environment helps them understand that print carries 
meaning, that ideas can be expressed with writing conventions, and that written language has 
a number of functions and meanings.
In the two vocabulary studies we found that the computer support had a positive effect on 
the vocabulary development of kindergarten children with a minority background. The other 
parts of the computer program are currently being studied. Based on existing literature and 
the present studies, we can conclude that multimedia language interventions can produce 
positive learning effects. It should be kept in mind, however, that such learning effects are 
strongly related to the computer program being used. The computer-related literacy 
experiences of young children should involve a balance between open-ended activities and 
more closed learning activities. The question is just how different task designs affect 
children’s literacy learning and, in this light, a distinction between educational versus 
edutainment software may be relevant. In the latter case, any educational considerations are 
often overruled by the entertainment goal of the software. A great investment is typically 
made on animation and special effects, which can be very motivating but also distract the 
child from the educational task. Additional research should be done on the optimal 
proportion of education and entertainment or, as Druin and Solomon (1996) put it, how much 
“edu” versus “tainment” to offer as part of children’s so-called “edutainment”? (p.69).
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Teacher-mediated versus computer-mediated storybook reading to 
children in multicultural kindergarten classrooms2
Abstract
In the presented study, it was explored whether there are differences in story 
comprehension and vocabulary learning in children in multicultural classrooms at the 
kindergarten level when listening to a story read to them by the computer or the teacher. 
Subjects were 41 native and 30 immigrant children from four different schools. The results 
showed that children learned new words, both from listening to their teacher and from 
listening to the computer. However, significantly more words were learned by immigrant 
children when the teacher read the story. For story comprehension, the teacher again 
outperformed the computer for immigrant children. The study shows that the computer can 
provide significant learning gains in native and immigrant children at the kindergarten level 
when they work individually and without teacher support with a software program.
1 Introduction
Storybook reading in kindergarten plays a significant role in children’s language and 
literacy development. There is evidence that reading stories aloud impacts children’s 
learning, helping them to gain insight into the functions and structure of oral and written 
language. Storybook reading is an important factor in vocabulary growth (Bus, Van 
IJzendoorn & Pellegrini, 1995), both at home and in the school environment.
Elley (1989), for example, showed that 7 and 8 year olds in New Zealand had vocabulary 
gains from listening to stories three times, even when the teacher did not explicitly explain 
words. Brett, Rothlein and Hurley (1996) showed how children learned more words when the 
teacher offered simple explanations of the words in the context of the story being read.
Robbins and Ehri (1994) verified the results of the study by Elley (1989) to the extent that 
they found that the 38 children in their study had vocabulary gains after listening to stories 
twice. However, in Robbins and Ehri's (1994) study, children with the highest vocabulary at 
pretest were found to have higher learning gains than children with a lower vocabulary at
2 Reference: Segers, E., Takke, L. & Verhoeven, L. (2001). Does it matter whether the teacher or the computer 
reads the story? A comparison between native and immigrant kindergartners. Roundtable presentation at the 
National Reading Conference, 51st Annual Meeting, San Antonio, Texas. December 4-7
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pretest, although Elley (1989) found the opposite effect. Robbins and Ehri suggest that 
ceiling effects may have suppressed the score of the higher achievers in Elley's study.
In kindergarten, stories are often read to the entire group which usually consists of about 
25 children. Research by Morrow and Smith (1990) showed that reading to small groups of 
children is better for vocabulary learning. Teachers, however, often do not have the time for 
this. It has often been said that the computer could be a helpful tool in these circumstances. In 
recent years, the computer has become common in the schools and "living books" are 
available. These are books presented on the computer, accompanied by such features as 
animations or karaoke text. An important positive factor of living books is that they are 
motivating and are able to combine audio and vision. Living books allow children to interact 
with the story (Anderson, 1992), which helps them to learn new words (Stine, 1993) and 
enlarges their understanding of the story (Miller, Blackstock & Miller, 1994).
There is a gap in the research on the effects of working with living books on children's 
learning, especially in kindergartens. Labbo (2000) mentions that teachers have concerns 
about using this software in class. They do not know what the effects of listening to stories on 
computer are. Johnston (1997) is one of the few researchers who addressed this question. He 
trained kindergartners for 300 minutes over seven weeks using living books. A significant 
learning gain was found on a combined variable "verbal abilities", including pictorial and 
verbal memory, word knowledge, verbal fluency and opposite analogies. Johnston did not 
investigate vocabulary gain specifically and he also did not compare the computer training 
with an alternative training. The control group in his experiment was engaged in regular 
classroom activities.
In the present study, we attempt to find out what differences in story comprehension and 
vocabulary learning exist in children at the kindergarten level in multicultural classrooms in 
the Netherlands when listening to a story read to them by the computer or by the teacher. We 
tested both native and immigrant children in our study. Immigrant children usually enter 
kindergarten with very limited knowledge of the second language. With respect to language 
comprehension and vocabulary skills they severely lag behind to native children (Stoep & 
Verhoeven, 2001). Especially for immigrant children, vocabulary gain from listening to a 
story read to them by the computer could be valuable, since that would give them the means 
to independently enhance their vocabulary. If immigrant children could be shown to learn 
when the computer reads to them, this could be a helpful tool in trying to bridge the gap 
between them and native children.
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2 Method
In this study, a pretest-posttest design was followed. In two schools (one with a native 
Dutch population and one with a mainly immigrant population) the teachers read a story to 
the children at kindergarten level. In two other schools with children from the same age and 
cultural background, the computer read the same story. A second story was read a few weeks 
later by the computer in the first two schools and by the teachers in the second two schools.
In order to exclude test-retest effects, a pilot study was conducted.
2. 1 Subjects
Subjects were 41 native and 30 immigrant children from four different schools. The 
immigrant group consisted of 18 children with a Turkish background, six with a Moroccan 
background and six from six different countries.
Two of the schools were situated in a moderately large town in the center of the country. 
The school population consisted mainly of immigrant children from Turkey and Morocco.
The two other schools were situated in a nearby village, with only native children entering the 
schools.
The average age of the children at the start of the experiment was 5;6 years. They were in 
their second year in a Dutch kindergarten and would go to first grade the following school 
year (kindergarten is a two year program in the Netherlands).
2.2 Materials
Two stories were used, taken from a commercially available Dutch educational software 
program. The stories were of the same level of difficulty. This was tested by establishing the 
geometric average of each word (Schrooten & Vermeer, 1994). The geometric average is a 
measure that uses the spreading of word frequencies in Dutch school materials (picture 
books, reading books, history books etc.). Words that are only frequent in one domain are 
lower on the list than words that are present in several domains. A Mann-Whitney U-test 
revealed no difference in the level of difficulty between the stories (Z = -.64, p  > .05). Each 
story consisted of about 300 words, divided over six story pictures, without additional 
support of text (see Figure 2.1). These six story pictures correspond to such story constituents 
as setting, episodes and resolution (cf. Morrow, 1984).
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Figure 2.1: An example o f the computer screen, showing a story picture.
Two curriculum dependent vocabulary tests were constructed for pre- and posttesting.
Ten words from each story were selected for these tests. Both word sets were of the same 
level of difficulty, as was established by using their geometric average (Schrooten &
Vermeer, 1994). The tests were reliable, with Cronbach's alpha’s above .80.
Children were, for example, asked to tell the experimenter if they knew what a raisin was. 
If the child could not answer the question or would just say that that is something you can eat, 
the experimenter would ask further: "What does a raisin look like? Where have you ever seen 
a raisin?" (cf. Anglin, 1985). The child could receive a score of 0,1 or 2 points per word. One 
point was accredited when the child did not give an exact definition, but was in the right 
semantic area. For example if a child said raisin bread and thought that was the same as a 
raisin.
In a pilot study, it was established that no test-retest effects occur when the vocabulary 
tests was administered in two consecutive weeks. Subjects in the pilot study (six native, five 
immigrant) were comparable to subjects in the present study. A repeated measures analysis 
showed no main effect of time (F(1,9) = 0.76, p  > .40), nor an interaction between time and 
ethnicity (F(1,9) = 0.76, p  > .40).
To measure text comprehension, ten additional questions per story were constructed, 
consisting of five "what" questions and five "why" questions. The questions were constructed 
to test the children’s story comprehension. Children could score 0 or 1 point per question. 
The tests were reliable, with Cronbach's alpha’s above .80.
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2.3 Procedure
The first story was read to all children first. In two schools (one with a native population 
and one with a mainly immigrant population), the two teachers read the story to the class. In 
the other two schools, the computer read the same story to each child individually. The 
second story was read to all children several weeks later, by the computer in the first two 
schools and by the teachers in the second two schools.
A week before each story was read to the children, the appropriate vocabulary test was 
administered (i.e. the word set from the story that would be read). The vocabulary test was 
administered again on the same day after the story was read to the children. On that day, the 
children were also asked to answer the comprehension questions.
When the teacher read the story to the group of children, she was asked to tell the story as 
she would normally do. It was not allowed to have a long introduction before reading, but the 
teachers could interact normally with the group while reading the story. The story pictures 
were in a book that the teacher could show to the class. The teacher could also ask the 
children questions when she was reading the story. After the story was read, the children 
rearranged the story pictures on a piece of paper. The experiment leader then took the 
children one by one out of the classroom to administer the vocabulary test and the listening 
comprehension questions.
When the computer read the story to a child, the child would sit in a quiet room inside the 
school. The experiment leader was present in the room, to help the child if he or she did not 
understand the computer program. Children saw the story pictures on the computer screen 
with an occasional small animation supportive of the story. After each story fragment, the 
computer prompted a question, which the child could answer by clicking on a correct location 
on the screen. When the question was answered, the next story picture became visible and the 
story telling went on. After the story was read, the children had to rearrange the story pictures 
in the correct order (see Figure 2.2). The vocabulary and story comprehension posttests were 
administered about 20 minutes after the child had listened to the story. This was the average 
time of posttest after storybook reading by the teacher.
3 Results
3.1 Vocabulary learning
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Figure 2.2: The computer screen o f the rearrangement exercise. The picture enlarges 
when the mouse points at it.
The results were analyzed using the multivariate approach to the analysis of a repeated 
measures design (Maxwell & Delaney, 1990). The between subject factor was Ethnicity 
(native, immigrant). As within factors, we used Time (vocabulary pretest, vocabulary
posttest) and Reader (teacher, computer). The analysis showed main effects of Ethnicity 
(F(1,69) = 191.81, p  < .001) and Time (F(1,69) = 83.82, p  < .001). An interaction effect was 
found between Reader and Rime (F(1,69) = 6.05, p  < .05). There was a trend in the 
interaction between Time and Ethnicity (F(1,69) = 3.87, p  = .053).
Further analysis showed that there was a difference in vocabulary gain when the teacher 
or the computer read the story (paired samples t-test: t(70) = 2.34, p  < .05). Children had a 
higher vocabulary gain when the teacher read the story. There was, however, an interaction 
trend between time and ethnicity in the multivariate analysis, which indicates that the 
different groups have different learning gains. When the subjects were split (native and 
immigrant), we found a difference in vocabulary gain between computer or teacher reading 
for immigrant children (t(29) = 2.11, p  < .05), but no difference for native children (t(40) = 
1.23, p  > .05). Immigrant children benefited most from teacher reading.
The difference between vocabulary pre- and posttest, however, was significant for both 
groups, both for teacher and computer reading (native, computer reading: t(40) = 3.41, p  < 
.01; native, teacher reading, t(40) = -5.14, p  < .001; immigrant, computer reading, t(29) = -
3.41, p  < .01; immigrant, teacher reading, t(29) = -6.11, p  < .001). Both native and immigrant
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children benefited from listening to a story, either read to them by the computer or the 
teacher. The results are presented in Table 2.1.
Table 2.1: Scores at pre- and posttest o f native and immigrant children, read to either by 
teacher or computer.
score native children (SD) score immigrant children (SD)
pretest posttest pretest posttest
teacher reading 16.05 (2.77) 17.05 (2.85) 7.67 (3.18) 9.33 (3.20)
computer reading 16.34 (2.46) 17.00 (2.33) 7.80 (3.32) 8.70 (3.61)
3.2 Story comprehension
Again a repeated measures analysis was used to explore the results. The within-subject 
factor was Comprehension Score (computer, teacher) and Ethnicity was the between subject 
factor. There was a trend in the effect of Comprehension Score (F(1,69) = 3.59, p  = .06), 
indicating a possible difference in score on the listening comprehension test between 
computer and teacher reading. There was no interaction between Comprehension Score and 
Ethnicity (F(1,69) = 1.77, p  > .18) while there was a main effect of ethnicity (F(1,69) = 
134.85, p  < .001). Paired samples t-tests showed that for immigrant children, there was a 
difference between computer and teacher reading (t(29) = 2.05, p  = .050). They had a higher 
story comprehension when the teacher read the story. For native children there was no 
difference between teacher and computer reading (t(40) = .45, p  > .60). Table 2.2 presents the 
scores of the children in the story comprehension task.
Table 2.2: Scores at story comprehension test after teacher or computer reading.
score native children (SD) score immigrant children (SD)
teacher reading 8.05 (1.75) 4.00 (1.95)
computer reading 7.90 (1.95) 3.17 (2.02)
4 Conclusions and discussion
In this study, we compared vocabulary gain and story comprehension of native and 
immigrant children after a story was read to them by their teacher or by a computer. The 
results showed that children learned new words, both from listening to their teacher and from 
listening to the computer. However, significantly more words were learned by immigrant
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children when the teacher read the story. For story comprehension we basically found the 
same results. Immigrant children had a better understanding of the story when it was read to 
them by the teacher then when it was read to them by the computer. For native Dutch 
children, there was no difference between teacher or computer reading. Ceiling effects might 
have played a role here, given that the mean score of the native children (Table 2.2) was close 
to the maximum possible score of 10.
This study showed that kindergartners learned from listening to storybook reading by a 
computer. It is interesting to note that for immigrant children, the teachers outperformed the 
computer. These children, with lower vocabulary knowledge, gained more vocabulary and 
had a better story understanding when listening to the teacher. There can be several 
explanations for this. The first is that the teacher is more adaptive then the software we used. 
Teachers explain that they can often see that children do not know a word by looking at their 
faces. The teacher can then elaborate on this word. A second explanation is that teachers also 
support the story by using hand gestures and facial expressions; the computer does not (yet) 
have these extra features. On the other hand, the computer can implement supportive 
animation in the story. The software used in our experiment had very minor animation 
implemented. It would be interesting to find out if extra learning gains can be made if there 
would be more supportive animation.
One should not, however, forget the positive results from computer reading in our study. 
The fact that children can work individually with the software program and learn new words 
is of importance for the field. Teachers often do not have the time to give children individual 
attention. One teacher explained how this software program can do what she could not: give 
an immigrant child fifteen minutes per day of intensive interaction in his or her second 
language.
This study is not the first on living books, but is one of the first on living books and 
kindergartners. The future is promising, but more research is necessary. This study looked at 
one software program; one does not know if the results transfer to other software. It is 
important to find the optimal features for software to have optimal learning gains without 
becoming boring for the child. The point of supportive animation was made earlier. 
Underwood (2000) for example mentioned how animated illustrations can "act as distractions 
from the principal story line" (p.139) in some living books. She however does not support 
this statement with research. It would be interesting to find out if these kinds of animations 
do have a negative effect on learning from stories.
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Our study did not elaborate on the reading styles of the teachers. As Martinez and Teale
(1993) already suggested, more research is needed to investigate the effects of different 
reading styles of teachers. It was not possible in our design to compare the learning gains of 
the children from different teachers because, for example, the two teachers from the native 
groups both read a different story. In future research, the design should make these 
comparisons possible, including a close observation of the teacher while reading the story.
Reinking and Watkins (2000) address the limitations of conventional experiments as the 
one described in this chapter. They argue that "they do not typically focus on the many 
interacting variables that influence the effectiveness of computer-based interventions in 
schools" (p.384). However, along with a focus on these variables, it is also important to 
measure the effects of a computer-based intervention in a more quantitative way. We believe 
that our study, as Labbo, Reinking and McKenna's case study (1995), showed that the 
computer can be incorporated in kindergarten classrooms and serve as an informal literacy 
tool which helps children in their literacy development. This study yielded vocabulary gains 
notwithstanding the fact that the story was only read to the children once, without any 
elaboration on the subject before or after reading the story. The vocabulary gains that were 
made were due to just one exposure to a story. Previous research showed how repeated 
readings and elaborating on the story causes substantial vocabulary gains (Elley, 1989; 
Robbins & Ehri, 1994).
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Abstract
In the present study, intensive computer vocabulary training was undertaken in a two-year 
kindergarten program in the Netherlands. In the intervention, 67 native and immigrant 
children in the first and second years of kindergarten played vocabulary games on the 
computer twice a week for a period of 15 minutes across 15 weeks. A control group of 97 
kindergartners followed the regular curriculum. In a pretest-training-posttest-retention test 
design, positive effects of the computer training were found on a curriculum-dependent 
vocabulary test. A trend was found towards positive effects of the computer training on a 
curriculum-independent test for children in their second year of kindergarten. The results 
present an alternative and relatively teacher-independent method to enlarge children's 
vocabularies.
1 Introduction
1.1 Vocabulary development and storybook reading
Vocabulary knowledge is an important factor for school success; early differences in 
vocabulary knowledge appear to have a strong impact on such success (Baker, Simmons & 
Kameenui, 1998). Especially immigrant children often enter school with limited knowledge 
of the second language, and research by Verhoeven and Vermeer (1992) and Stoep and 
Verhoeven (2001), for example, has shown the Dutch vocabularies of immigrant children to 
be much smaller than those of native children. Moreover, this difference tends to increase 
during the elementary school years, which is referred to as the Matthew effect (Stanovich, 
1986).
Vocabulary can be acquired through independent reading. Children often learn the 
meaning of new words via the context (Sternberg, 1987). However, when children cannot yet 
read, they are dependent on others to read to them. Storybook reading in kindergarten plays a 
significant role in children’s vocabulary development. There is evidence that reading stories 
aloud impacts children’s learning, helps them to gain insight into the meanings of words, and 
thereby promotes vocabulary growth (Bus, Van IJzendoorn & Pellegrini, 1995). This effect 
has been observed both at home and in the school environment.
Elley (1989) showed clear vocabulary gains for 7 and 8 year olds in New Zealand after 
listening to stories three times, without the teacher explicitly explaining words. Brett,
Effects of vocabulary computer training in kindergarten
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Rothlein, and Hurley (1996) further showed how children leam more new words when the 
teacher offers simple explanations of the words within the context of the story being read.
Robbins and Ehri (1994) verified the results of the study by Elley (1989) when they found 
clear vocabulary gains for 38 children after listening to stories only twice. Most recently, 
Penno, Wilkinson, and Moore (2002) showed vocabulary gains after only one story exposure 
with teacher explanation of words further enhancing the vocabulary gain.
1.2 Benefits o f computer reading to children
It has often been argued that the computer can be used to supplement reading to children 
but not replace the teacher (De Jong & Bus, 2002). In recent years, the computer has become 
very common in schools and "living books" have become available. Living books are 
presented on the computer and include such features as animations or karaoke text. Living 
books allow children to interact with the story (Anderson, 1992; Underwood & Underwood, 
1998); they are very motivating; and they combine both audio and visual elements.
Labbo (2000) has mentioned that teachers have concerns about the use of this software in 
the class. They simply do not know what the effects of listening to stories on computer may 
be although several studies have been conducted in this area. Johnston (1997) trained 
kindergartners using living books for 300 minutes across a period of seven weeks. A 
significant learning gain was then found on the combined variable of "verbal abilities," which 
included pictorial and verbal memory, word knowledge, verbal fluency, and opposite 
analogies. Johnston did not investigate vocabulary gain specifically and did not compare 
computer training to other forms of training. The control group in his experiment was 
engaged in regular classroom activities.
Ricci and Beal (2002) conducted an experiment in which they compared audio only story 
presentation, audiovisual presentation (television), interactive presentation on the computer 
with the child clicking hot spots in the story pictures, and children observing the interactive 
computer group. The researchers found the inclusion of visual stimuli to have additional 
value for story comprehension and recall. No differences were found between the three 
groups of children receiving direct visual input, and the children receiving the computer 
version were neither hindered nor helped by the hotspots. Vocabulary development was not 
considered in this study.
Terrell and Daniloff (1996) compared children's vocabulary development after live adult 
reading, listening to stories with still pictures presented on a computer or watching an 
animated video version of the same stories on television and found a small significant
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advantage for live reading. The same advantage for live reading was found by Segers, Takke, 
and Verhoeven (2001) who compared a story read to children by the computer with little 
animation and little interaction to a story read by the teacher showing pictures and interacting 
normally with the children. Vocabulary gains were found in both conditions; for immigrant 
children, however, the gains were larger when the teacher read the story.
Blachowicz and Fisher (2000) have noted that surprisingly little research has addressed 
the possibilities of extending children's vocabularies using the computer. The studies 
presented above indeed elaborate on the already known positive effects of storybook reading. 
In addition, several studies of the possible advantages of a computer for improving the 
vocabulary skills of children who already know how to read have been conducted over the 
years (e.g., Reinking & Salmon-Rickman, 1990). For pre-reading children, however, such 
studies have not — to our knowledge — been conducted. One manner of enhancing young 
children's vocabulary using a computer has recently been examined by Segers and Verhoeven 
(2002) who showed the vocabularies of immigrant kindergartners to be enhanced by 
presenting them with vocabulary games involving pictures of a story just read to them and the 
computer asking them to point to various objects in the picture. Sénéchal, Thomas, and 
Monker (1995) have also demonstrated the effectiveness of simple labeling and pointing with 
accompanying questions within a rich pictorial context. However, the interactions were 
between child and adult, as opposed to the computer in this study.
The research considered above does not show whether computer-aided vocabulary 
instruction can help bridge the vocabulary gap that typically exists between first and second 
language learners at the onset of schooling. The importance of this question is nevertheless 
underlined by the claim put forth by Nagy and Scott (2000) namely that "natural language 
learning is simply not efficient enough to produce the desired rates of learning" (p.280). 
According to Vermeer (2001), moreover, there is a strong correlation between the probability 
of knowing a word and the frequency of occurrence in the language input during elementary 
school. Additional exposure or training should therefore be able to minimize the Matthew 
effect or bridge the vocabulary gap completely, but further research is needed.
1.3 The present study
In the Netherlands, there is a large group of immigrant children from — among other 
places — Morocco, Turkey, and Suriname. These children often enter kindergarten without 
any knowledge of the Dutch language or a severe lag in their knowledge. The language 
environment for these immigrant children can be generally characterized as follows. They
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are living in primarily ethnic-language-speaking homes with mothers who are typically 
monolingual speakers of a language other than Dutch. The early linguistic input to these 
children is thus restricted to this language. The Dutch language only enters the lives of these 
children very slightly and gradually via Dutch playmates (if at all), television, and school.
In order to respond to this cultural and linguistic diversity, Segers and Verhoeven (2002) 
recently conducted two pilot studies of a computer means to enhance the vocabulary 
development of young children and found positive learning gains. In the present study, the 
same software has again been used, only this time the children were trained using three CD- 
ROMs, instead of one, across 15 weeks. An experimental group was compared to a control 
group with both groups consisting of about 50% immigrant children. We expect not only 
positive effects for the words trained by the computer program but also positive effects on a 
curriculum-independent vocabulary test. The aim of the present study is thus to determine the 
extent to which intensive vocabulary training on a computer can enhance young children's 
vocabulary learning and thereby minimize the differences between young native and 
immigrant children.
2 Method
2.1 Subjects
The subjects were 164 children in kindergarten (which is a two-year program in the 
Netherlands). The experimental group consisted of 14 native and 11 immigrant children (10 
boys, 15 girls) in their first year of kindergarten and 16 native and 26 immigrant children (20 
boys, 22 girls) in their second year of kindergarten. The control group, from two different 
schools, consisted of 20 native and 19 immigrant children (21 boys, 18 girls) in their first 
year and 22 native and 36 immigrant children (26 boys, 32 girls) in their second year. The 
average age of the children at the start of the experiment was 5 years and 1 month (SD = 7.45 
months).
In the experimental group, 83.1% of the mothers and 78.1% of the fathers had a lower 
level of education; in the control group, 84.6% of the mothers and 78.9% of the fathers.
2.2 Materials
2.2.1 Tests
Curriculum-dependent vocabulary test
A curriculum-dependent multiple-choice vocabulary test was constructed based on the 
words presented on the three CD-ROMs. The test consisted of 37 nouns of increasing
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difficulty (Schrooten & Vermeer, 1994). The experimenter orally presented a word. The child 
was then asked to choose the accompanying photograph from a series of four photographs 
containing similar semantic content. Photographs were chosen instead of drawings because 
the children in the experimental group — who also saw drawings on the computer — would 
otherwise view similar materials during testing.
At pretest, the reliability of the test was high (Cronbach a = .862). The correlation with 
the curriculum-independent vocabulary test described below was also high at pretest (Pearson 
r = .820, p  < .001).
Curriculum-independent vocabulary test
The Passive Vocabulary Task from the Taaltoets Alle Kinderen ("Language Test for All 
Children"; Verhoeven & Vermeer, 2001) was administered. The experimenter orally 
presented a word. The child then had to choose the accompanying drawing from a series of 
four drawings. The test consisted of 96 words of increasing difficulty according to a word list 
by Schrooten and Vermeer (1994) and pilot studies. When a child made five consecutive 
mistakes, test administration was terminated.
2.2.2 Experimental software 
Listening to a story
When a child first plays with one of the three available CD-ROMs, he or she listens to a 
story. The story is short, about 300 words, and consists of high-frequency words that 
kindergartners with a limited vocabulary can be expected to understand. Six pictures are 
presented succesively per story; no text is presented on the screen. The pictures are intended 
to serve as anchors (Bransford, Sherwood, Hasselbring, Kinzer & Williams, 1990) for the 
vocabulary games that become available after listening to an entire story.
At the end of a story fragment, a parrot puppet at the bottom of the computer screen asks a 
question. The child can then answer the question by clicking somewhere in the picture. If the 
child does not hear or understand the question, he or she can click on the parrot to have the 
question repeated. When the child provides an incorrect answer, a little pirate next to the 
parrot provides help. First the pirate tells the child that the answer was not correct and that he 
or she should try to answer the question again. When the child's second answer is incorrect, 
four large green arrows next point to the correct object in the picture. When the child still 
does not click on the right area in the picture, the program takes control of the cursor and
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points to the correct object. The child can also ask the pirate for help by clicking on it; the 
four green arrows then point at the correct object.
At the end of the story, the child is asked to arrange the various pictures that have been 
presented in the correct order. This is a difficult task, but pilot research showed that the 
pictures could be correctly ordered in a maximum of five attempts. The next time that the 
child enters the storybook, he or she can choose to listen to the story again or immediately 
start playing with the vocabulary games, which are described below.
Vocabulary games
After the child has listened to the story at least once, a number of vocabulary games can be 
played using the story pictures. The story pictures all represent a fairly “high knot” in the 
semantic network (e.g. a bakery, a living room, a forest, or a supermarket) and thus have 
numerous relations. Many words can thus be learned by playing several types of vocabulary 
games with a single picture.
The first type of vocabulary game is the pointing game, which requires children to point at 
the objects the parrot asks for. As usual, the pirate provides help when needed. The second 
type of vocabulary game is the shifting game, which requires the child to move an object to a 
particular place in the picture. The parrot asks the child, for example, to place the cup of 
coffee on the kitchen table. The third vocabulary game is a yes/no game. The child must 
decide whether an object belongs in the picture or not. The parrot asks, for example, whether 
you can buy a carrot in a bakery or not. The fourth vocabulary game is a coloring game, 
which requires the child to paint or decorate the objects in the picture. The parrot asks the 
child, for example, to paint the curtains red or make the curtains flowered.
When the child demonstrates no problems with these games, two other vocabulary games 
become successively available. The first game is a pointing game in which the parrot 
pronounces the words in syllables (e.g., Can you point to the kit-chen ta-ble?). The second 
game involves a word being written on the screen and the graphemes lighting up as the parrot 
slowly pronounces the word. These two games stimulate not only vocabulary acquisition but 
also metalinguistic awareness.
The child has to answer five questions per session. Shapes above the story picture turn 
green, yellow, or red depending on the number of efforts it takes the child to answer a 
question; green if the answer is correct the first time, yellow if the answer is correct the 
second time, and red if the computer gave the answer. The answering of the five questions 
cannot be interrupted, so the child is not encouraged to switch from one activity to the next.
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Each CD-ROM contains 200 questions with 50 questions per picture. About 100 different 
words are trained per CD-ROM.
2.2.3 Control group software
The children in the control group spent less time working on computers. They also 
worked with computer programs on occasion, but not with the software used by the 
experimental group. Teachers reported using entertainment software with stories and games 
concerned with the learning of shapes and colors.
2.3 Procedure
The children in the experimental group worked with the computer stories and vocabulary 
games twice a week in 15-minute sessions across a period of 15 weeks starting three weeks 
after the summer-vacation (i.e., directly after pretesting at the start of the school year). The 
posttest took place two weeks after completion of the training (i.e., after the Christmas 
holidays). The retention test was administered just before the summer-vacation (i.e., 27 
weeks after completion of the training).
In the main school building, several computers were placed in the central hall. Volunteer 
parents took the children from their classrooms and helped them get started with the program. 
At the end of each session, they returned the children to their classes. In an annex building of 
the school, two computers were placed right outside the classroom. The teacher could 
position the children behind the computer and did not need volunteer parents to get the 
children started.
The three CD-ROMs were alternated during the training as follows: three weeks per CD­
ROM to start with and then two weeks per CD-ROM. All of the children worked individually 
with the software and wore headphones during the sessions.
After the Christmas holidays, the experimental school went on working with the CD- 
ROMs in a less controlled setting. During posttest, the children started working with a fourth 
CD-ROM and a fifth CD-ROM was introduced later during the school year. Most of the time 
during the second half of the school year was nevertheless devoted to repetition. Ten weeks 
after posttest, the children could also play other games on the CD-ROMs; the focus of these 
games was mainly on phonological awareness and grapheme knowledge, however. The 
teachers allowed this because the children had played with the vocabulary games so many 
times that they were beginning to show signs of boredom.
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2.3.1 Data analysis
Multivariate analyses of variance with repeated measures were undertaken (Maxwell & 
Delaney, 1990). Time was the within-subjects factor (pretest, posttest, retention test). The 
between-subjects factors were Intervention (experimental group, control group), Ethnicity 
(native, immigrant), and School Year (first, second year of kindergarten). In the case of a 
two-way interaction between Time and one of the other variables, the results were further 
explored using independent samples t-tests. Given that five tests were then conducted 
(pretest, posttest, retention test, and learning gain between the pretest and posttest, and 
learning gain between posttest and retention test), the alpha level was shifted from .05 to .01.
3 Results
3.1 Curriculum-dependent vocabulary test
Table 3.1 presents the mean scores for each group on the curriculum-dependent 
vocabulary test at all three test moments.
Table 3.1 : Mean pretest, posttest and retention scores on the curriculum-dependent 
vocabulary test (maximum score o f 37) for native and immigrant experimental (n = 67) and 
control (n = 97) children for their first and second year o f kindergarten (with standard 
deviations in parentheses).
year pretest posttest retention pretest posttest retention
experimental native experimental immigrant
1 21.36 26.43 28.21 12.64 16.82 17.82
(4.57) (5.30) (4.14) (5.32) (5.78) (7.24)
2 26.25 29.06 30.56 19.00 23.27 25.69
(4.46) (3.66) (4.24) (3.97) (3.93) (3.98)
control native control immigrant
1 20.90 22.85 26.30 12.47 16.89 19.11
(3.67) (3.69) (3.99) (3.56) (4.03) (4.68)
2 26.27 27.32 29.09 19.22 21.50 23.89
(4.21) (4.54) (4.85) (6.36) (5.93) (5.87)
The results showed a main effect of Time (F(2, 155) = 135.377, p  < .001, n2 = .636) and a 
significant interaction between Time and Intervention (F(2, 155)= 3.678, p  = .028, n  = .045)
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indicating an effect for the computer training. We also found a trend towards a significant 
interaction between Time and School Year (F(2, 155) = 2.734, p  = .068, n2 = .034), a main 
effect of School Year (F(1, 156) = 47.462, p  < .001, n  = .233), a main effect of Ethnicity 
(F(1, 156) = 100.381, p  <.001, n  = .392), and a trend towards a significant interaction 
between School Year and Ethnicity (F(1, 156) = 2.764, p  = .098, n  = .017). The results 
presented in Figure 3.1 show the immigrant children to score below the native children at all 
test moments and the children in their first year of kindergarten to produce lower vocabulary 
scores than the children in their second year of kindergarten.
Independent samples t-tests further exploring the interaction between Time and 
Intervention show the experimental group to make more progress over time than the control 
group during training (t(162) = 2.847, p  = .005, d  = .466). In the second half of the school 
year, after training, no significant differences in the learning gains for the two groups were 
observed (t(162) = -1.187, p  = .237, d  = .188).
Figure 3.1 : Average scores on curriculum-dependent vocabulary test (maximum score o f 37) 
at pretest, posttest and retention for native versus immigrant experimental (n = 67) and 
control (n = 97) children for their first year o f kindergarten (left part o f the figure) or second 
year o f kindergarten(right part o f the figure).
3.2 Curriculum-independent passive vocabulary test
32
30
28
—a— experimental native 
—a— experimental immigrant
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Table 3.2 presents the mean scores for each group on the curriculum-independent 
vocabulary test at all three test moments.
Table 3.2 : Mean pretest, posttest and retention scores on the curriculum-independent 
vocabulary test (maximum score o f 96) for native and immigrant experimental (n = 67) and 
control (n = 97) children for their first and second year o f kindergarten (with standard 
deviations in parentheses).
year pretest posttest retention pretest posttest retention
experimental native experimental immigrant
1 33.50 43.21 50.14 9.36 16.45 23.91
(13.48) (15.80) (14.07) (11.82) (12.20) (17.14)
2 48.38 55.50 62.38 20.38 32.12 37.50
(11.85) (13.40) (11.72) (10.26) (13.27) (12.71)
control native control immigrant
1 30.65 43.35 49.35 12.00 16.68 22.95
(13.52) (10.60) (13.29) (8.77) (7.52) (8.67)
2 46.18 49.82 57.41 26.69 34.19 38.81
(10.62) (14.78) (14.52) (16.65) (15.00) (16.55)
The analyses showed a main effect of Time (F(2, 155) = 136.193, p  <.001, n  = .637), 
indicating that all of the groups made some progress over time. We also found a significant 
three-way interaction between Time, School Year, and Ethnicity (F(2, 155) = 4.509, p  = .012, 
r)2 = .055), a main effect of Group (F(1, 156) = 43.651, p  <.001, n  = .219), and a main effect 
of Ethnicity (F(1, 156) = 136.292, p  <.001, n  = .466). No effects of Intervention were found. 
The right part of Figure 3.2, however, suggests differences in the learning gains for the 
second-year experimental versus control children during the period of intervention. 
Independent samples t-tests showed the older experimental group to make slightly more 
progress during training than the older control group (t(98) = 1.803, p  = .074, d  = .364).
The significant three-way interaction between Time, School Year, and Ethnicity was also 
further explored. Independent samples t-tests showed the native children in their first year of 
kindergarten to generally make more progress than the immigrant children (t(62) = 2.995, p  =
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70 experimental native 
— experimental immigrant 
—d— control native 
— control immigrant
0
Figure 3.2: Average scores on curriculum-independent vocabulary test (maximum score o f  
96) at pretest, posttest, and retention for native versus immigrant experimental (n = 67) and 
control (n = 97) children in their first year o f kindergarten (left half o f the figure) and second 
(right half o f  the figure) year o f kindergarten. Estimated vocabulary size: score <15: <1000; 
score 15-22: 1000-1500; score 23-30: 1500-2000; score 31-37: 2000-2500; score 38-45: 
2500-3000; score 45-52: 3000-3500; score 53-60: 3500-4000; score 60-67: 4000-4500.
.004, d  = .759). In the second year of kindergarten, a trend was found for the immigrant 
children to learn slightly more new words during the first half of the school year than the 
native children (t(98) = -1.884, p  = .063, d  = .377). Over the entire school year, however, no 
differences were observed in the progress made by the native versus immigrant children 
either in the experimental or in the control groups.
3.3 Effects ofprior knowledge and amount o f training
In the experimental group, prior knowledge did not positively influence the progress 
made by the children during the computer training, as might be expected on the basis of 
Stanovich (1986). For the curriculum-dependent test, in fact we found a negative correlation 
between the native experimental children's scores at pretest and their learning gain during 
training (r = -.448, p  = .013), which shows those children who scored higher at pretest to 
make less progress.
53
Effects o f  vocabulary training in kindergarten
For the control group, we found both negative correlations for both tests between the 
children's scores at pretest and their learning gain (curriculum-independent test: native 
children: r = -.505, p  = .001; immigrant children: r = -.310, p  = .021; curriculum-dependent 
test: native children: r = -.465, p  = .002; immigrant children: r = -.466, p  < .001).
Due to hardware problems, we could not retrieve the data regarding all of the children's 
work with the computer. For 50 children of the experimental group (20 native children, 30 
immigrant children), the data was complete. This group of children played 241.8 (SD = 
66.253) vocabulary games on the computer during the intervention period. There was no 
correlation between the number of games played by the children and their learning progress, 
but those children with higher scores at pretest were found to play more games (curriculum 
independent test, native children: r = .677, p  = .001; immigrant children: r= .419, p  = .021; 
curriculum dependent test, native children: r = .510, p  = .022; immigrant children: r = .574, p  
= .001).
4 Discussion and conclusion
4.1 Effects o f the computer intervention
The aim of the present study was to determine whether intensive vocabulary training on 
the computer can provide an extra boost to the vocabularies of native and/or immigrant 
kindergartners in the Netherlands. Kindergarten is a two-year program in this European 
country and immigrant children often enter the school at the age four with very little 
knowledge of the Dutch language. The computer training involved working twice a week for 
15 minutes with three different CD-ROMs across a period of 15 weeks in a pretest - posttest - 
retention test design.
The curriculum-dependent test showed positive effects of the training. For the curriculum­
independent test a trend towards a significant effect of the training was found for the older 
children. The fact that the less controlled computer time during the second half of the school 
year (with considerable repetition of the words from the training) did not produce differences 
in the learning gains of the experimental versus control groups shows the children in the 
experimental group to no longer be challenged by the CD-ROMs they worked with during the 
first half of the school year. A training with even more CD-ROMs and less time per CD­
ROM (cf. Segers & Verhoeven, 2002) may increase the effect size and thereby push the trend 
towards a significant effect on the curriculum-independent test as well.
4.2 Limitations on the present study
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The intervention did not close the gap between native and immigrant children. The scores 
at pretest (see Figure 3.2) showed that there is a gap between 1000 and 2000 words at the 
start of the school year. While computer training with a maximum of 300 words cannot 
overcome this difference, the program nevertheless helped as the results of the present study 
show.
It should be noted that we used a multiple-choice test to measure the children's 
vocabulary. As Beck and McKeown (1991) have pointed out, such testing may not measure 
the full continuum of a child's word knowledge. We nevertheless opted for a passive test and 
not an active test as particularly the immigrant children with lower vocabularies would 
probably have considerable problems with the active production of words or provision of 
descriptions. Examination of the effects on the deeper word knowledge of the children was 
beyond the scope of the present study, but further research is most welcome.
Finally, in the present study, an experimental group from one school was compared to a 
control group from two other schools. The differences between the groups might therefore be 
ascribed to differences between the teachers. Given that there were five different teachers in 
the experimental school and seven in the control schools, we consider this conclusion very 
implausible.
4.3 Conclusions
The results of the present study show an alternative manner of boosting kindergartners 
vocabulary to be effective and thus a valuable supplement to having them listen to stories. 
The young children studied here were able to use the software with very little assistance, and 
although one should not see the computer as the only solution to the vocabulary problems of 
immigrants, it is certainly a tool that can be used with very little additional teacher effort to 
help enlarge children's vocabularies.
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Chapter 4
Long-term effects of computer training of phonological awareness in 
kindergarten
Abstract
In the present study, the long-term effects of a computer intervention for the development 
of phonological awareness in Dutch kindergartners were assessed. Native Dutch and 
immigrant children worked with the software once every week for 15 minutes during the 
entire school year (a period of 40 weeks interrupted by 5 weeks of vacation). Following a 
pretest — interim test — posttest — retention test design, the effects on rhyming, phonemic 
segmentation, auditory blending, and grapheme knowledge were assessed. The intervention 
showed significant immediate effects on rhyming and grapheme knowledge. The time spent 
on the computer games also correlated highly with the learning gains for the experimental 
group. In first grade, retention effects were demonstrated after four months of formal reading 
education. Multivariate analyses showed the experimental group to differ significantly from 
the control group on tests of phonemic segmentation, auditory blending, grapheme 
knowledge, and decoding at this point.
1 Introduction
In kindergarten, considerable attention is devoted to children's emergent literacy 
development in order to facilitate their later reading and spelling development. Teachers try 
to develop children's phonological awareness, which has been shown to be an important 
predictor of success in learning to read (cf. Blachman, 2000). Phonological awareness has 
been described as awareness of — among other things — rhyme, syllables, the beginning parts 
of words, and the end parts of words (Snow, Burns & Griffin, 1998; Yopp & Yopp, 2000). 
Children often develop rhyme and syllable knowledge first, followed by onset-rime 
knowledge. The awareness of phonemes develops at a later stage (Treiman & Zukowski, 
1996).
Research on phonological awareness has a rich history. A classic study was conducted by 
Bradley and Bryant (1983) who showed a causal link between phonological awareness and 
reading. More specifically, high correlations were found between performance on 
phonological awareness tasks before reading education and both reading and spelling level 
three years later, even when IQ and memory were controlled for.
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The causal link originally suggested by Bradley and Bryant (1983) has been refined by 
other researchers, who have reached a consensus that a reciprocal relation exists between 
phonological awareness and reading. Perfetti, Beck, Bell, and Hughes (1987), for example, 
found both auditory blending to be a predictor of reading ability and reading ability to be a 
predictor of such more complex phonological abilities as deletion (e.g., "say cat without t"). 
Wagner and Torgeson (1987) reached a comparable conclusion and went on to speculate that 
reading plays a causal role in the awareness that words can be divided into separate 
phonemes. The existence of a reciprocal relation between phonological awareness and 
reading has been supported by more recent empirical studies by — for example — Bowey
(1994), McGuiness, McGuinness, and Donohue (1995), and the overview presented by 
Blachman (2000) in the Third Handbook of Reading Research.
1.1 Effects o f phonological awareness training
Phonological awareness does not always develop spontaneously. Lundberg, Frost, and 
Peterson (1988) trained kindergartners before they learned how to read and thereby showed 
that phonological awareness can be trained before the start of reading education. In addition, 
long-term retention effects on the reading and spelling abilities of the children in question 
were demonstrated. The children did not learn about letters, however, while Share, Jorm, 
MacLean, and Matthews (1984) in a longitudinal observation study found phoneme 
segmentation and knowledge of letter names to be the two most important predictors of 
learning to read successfully.
In addition to the correlation study mentioned above, Bradley and Bryant (1983) also 
conducted a training study that is more elaborately described in Bradley and Bryant (1985). 
At-risk children benefited from the training of phonological awareness just as children 
developing phonological awareness more spontaneously. They also found that the addition of 
letter-sound connections to the training had an additional effect on the spelling abilities of the 
children.
The study by Bradley and Bryant (1985) was conducted when the children were already 
learning to read. Ball and Blachman (1991) later studied the differential effects of training 
letter-sounds in combination with segmentation training with non-reading kindergartners and 
found combined training to be more powerful than letter-sound training alone. Much more 
research was conducted along these lines. Two recent meta-analyses summarize the results 
with regard to the training of phonological awareness. Bus and Van IJzendoorn (1999) and 
Ehri et al. (2001) both found direct positive effects of interventions concerned with
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phonological awareness and transfer effects for decoding. The long-term effects were still 
significant for phonological awareness, spelling, and reading comprehension. For decoding, 
only Ehri et al. found positive long-term effects.
The preceding analyses clearly show combined training addressing both phonological 
awareness and letter-sounds to be most effective. Training effects were most salient before 
the start of reading education. And children from both regular and special education benefit 
equally from such training. The meta-analysis by Ehri et al. (2001) also showed such training 
and the transfer to decoding to be most effective when only one or two abilities are trained. 
When more abilities are trained, the average effect-size drops from .70 to .27, which may 
reflect the need for the children to divide their attention across too many different tasks or 
abilities. The training is also most effective with a duration of 5 to 18 hours. Ehri et al. (2001) 
also compared the training of English to other languages and found the phonological 
awareness training in other languages with a more transparent orthography to produce weaker 
effects and a less strong transfer to decoding.
1.2 Computer training o f phonological awareness
The first studies on computer training of phonological awareness were published in the 
nineties. Foster, Erickson, Foster, Brinkman, and Torgeson (1994) developed and studied the 
software program DaisyQuest in two studies with kindergartners trained for 6.5 hours and 4.9 
hours, respectively. The children worked with the program about 20-25 minutes per day, and 
the control group simply did not have access to the software. Both studies showed positive 
effects of the training.
Barker and Torgeson (1995) conducted yet another study of DaisyQuest with children at- 
risk for reading problems. In this study, however, one control group played other games on 
the computer and one control group received decoding training (not on the computer). Both 
control groups showed less progress than the experimental group with regard to several 
aspects of phonological awareness.
In yet another study, Reitsma and Wesseling (1998) trained a group of Dutch 
kindergartners on one aspect of phonological awareness, namely auditory blending, using the 
computer. One control group received vocabulary training on the computer and one control 
group received no training whatsoever. The experimental group showed higher learning gains 
after training and also better decoding abilities four months after training in grade 1 than both 
of the control groups.
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Mioduser, Tur-Kaspa, and Leitner (2000) compared computer intervention to regular 
intervention and found more positive effects for the computer intervention. However, the 
training of the computer group was more "adaptive" and included such activities as 
manipulating the letters in words, which the regular intervention did not. Their conclusion 
should therefore be considered with care.
The meta-analysis by Ehri et al. (2001) counted only seven computer studies. Less strong 
effects were found for computer interventions when compared to regular interventions. 
However, the fact that most studies were conducted with children with reading problems may 
have influenced these results. As Ehri et al. pointed out, more research in this area is 
necessary. Only one computer study examined the long-term effects of an intervention in 
kindergarten (Reitsma & Wesseling, 1998), but this study was specifically aimed at the 
training of blending and not the other aspects of phonological awareness. It may also be noted 
that none of the computer studies addressed training of phonological awareness of second 
language learners. As Bialystok and Herman (1999) have pointed out, bilingual children may 
actually have a small advantage over monolingual children on simple phonological awareness 
tasks. However, when the disparity between the sound systems of the two languages is too 
great, this advantage may disappear.
1.3 The present study
In the present study, a long-term computer intervention involving the training of several 
aspects of phonological awareness and grapheme-phoneme knowledge was undertaken in a 
Dutch kindergarten. The purpose of the study was to identify any direct learning gains and 
any long-term effects of training after four months of formal reading education. The 
differences in the learning gains for native versus immigrant children were also addressed 
within the context of the present study as a large group of immigrant children, from — among 
other places — Turkey and Morocco exists in the Netherlands. Verhoeven and Van Kuijk
(1991) have shown Dutch immigrant children to perform below native children on such tasks 
as rhyming during the first year of kindergarten. Verhoeven and Narain (1996) did not find 
such differences after a year in kindergarten although Verhoeven (2000) found Dutch 
immigrant children to have slight problems with the acquisition of Dutch grapheme 
knowledge at the start of formal reading education and to clearly lag behind their peers on 
such tasks as phonemic segmentation and word spelling, which suggests that the situation of 
Dutch immigrant children should indeed be considered in greater detail.
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2 Method
2.1 Subjects
The subjects were 100 children in their second year of kindergarten (which is a two year 
program in the Netherlands). The experimental group consisted of 16 native and 26 
immigrant children (20 boys, 22 girls) from one school with two different locations. The 
control group, from two other schools, consisted of 22 native and 36 immigrant children (26 
boys, 32 girls). The average age of the children at the start of the experiment was 5 years and 
6 months (SD = 4.42 months). In the experimental group, 78.0% of the mothers and 70.0% of 
the fathers had a lower level of education; in the control group, 79.6% of the mothers and 
76.1% of the fathers.
During the retest in first grade, the experimental group consisted of 13 native and 21 
immigrant children; the control group of 20 native and 24 immigrant children. The other 
children were not available for the retention test due to having moved or staying an extra year 
in kindergarten.
2.2 Material
2.2.1 Phonological awareness tasks
• A rhyming task (Verhoeven & Van Kuijk, 1991). The task consisted of two training and 
ten test items. The children saw a picture and had to select another rhyming picture out of 
four options. Distracters included semantically related pictures.
• A phonemic segmentation task (Verhoeven, 1987). The task consisted of 20 words of 
increasing difficulty (starting with consonant-vocal words). The test was broken off when 
a child could not analyze five words in succession.
• An auditory blending task (Verhoeven, 1987). The task consisted of 20 words of 
increasing difficulty (from two to six phonemes). The test was broken off when a child 
could not synthesize five words in succession.
2.2.2 Literacy tasks
• A grapheme knowledge task in which all 34 Dutch graphemes (including digraphs) were 
presented to the children on a sheet of paper. Children had to produce the letter sounds 
and not the letter names (Verhoeven, 1995).
• Because not many children can read in kindergarten, a decoding task was only 
administered as part of the retention test. Children had to read as many cvc-words as
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possible in one minute. The score was the number of correct words read by the child 
(Verhoeven, 1995).
2.2.3 Experimental program
The experimental program consisted of five educational CD-ROMs specially designed for 
use in a school environment. Each CD-ROM contains nine different games, collected in a 
virtual treasure chest. Although the appearance of the games changes for motivational 
reasons they are essentially the same for all five of the CD-ROMs. The content on each CD­
ROM also differs (e.g., other nursery rhymes, other words to be synthesized, etc.). The 
children can choose the game they want to play. At the start of the training, not all of the 
games are available. Once the child shows certain abilities, a more advanced game can be 
chosen. The nine games can be divided into so-called discovery games and learning games. 
The games draw — among others — upon the studies by Lundberg, Frost, and Peterson 
(1988), Labbo (1996), and Share (1995). A more elaborate description of the software and its 
theoretical foundations can be found in Segers and Verhoeven (2002).
Discovery games
When the children start playing with the program, they can select one of five different 
games. Four of the games are discovery games, the fifth is a rhyming and blending game.
The first discovery game contains two songs and two rhymes per CD-ROM. The text appears 
in karaoke on the screen. By playing this game the child can discover that one starts reading 
at the top left part of a page, or that the direction of reading is from left to right. Children can 
also discover that sentences are divided into words and that words can rhyme. Lundberg, 
Frost, and Peterson (1988) also used nursery rhymes in their intervention but did not include 
text. As already was established, however, the combination of phonological awareness and 
written text elicits higher learning gains (Ehri et al, 2001).
The second discovery game is a coloring game. The child must color a picture by 
matching the color name in the picture to the name on a paint bucket. In such a manner, 
children can learn the names of the colors and see the differences between the relevant 
graphemes. A child can also choose to leave the words out of the picture by clicking on a 
letter-flower at the bottom of the screen. The picture can then be filled with the colors that he 
or she prefers.
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The third discovery game involves making a little booklet. Children can fill in the slots in 
sentences and thereby create their own book to be printed and taken home. In such a manner, 
they learn how thoughts can be put on paper and be recaptured by print.
The fourth discovery game involves having the children make their own picture postcard 
by stamping and drawing. The learning goal is about the same as in the third game. Labbo 
(1996) has highlighted the importance of children's symbol making, and this activity is 
supported by these games.
Learning games
The rhyming and blending game is the first of the learning games and available at the 
start of the training. It is an adaptive game that switches between ten different rhyming and 
blending exercises. The exercises automatically increase in difficulty when the child shows 
no problems at a particular level. Making a sentence rhyme by selecting the right picture is 
an example of such a rhyming exercise: The cat sleeps on the [mat, chair, floor]. Selecting 
the right picture to go with a segmented sound pattern is an example of such a blending 
exercise: /s-ou-p/. Each type of exercise consists of three sets of five questions; this is a total 
of 750 questions across the five CD-ROMs. These games are comparable to the rhyming and 
blending games in the Lundberg, Frost, and Peterson study (1988).
When a child is able to blend consonant-vowel-consonant words in the rhyming and 
blending game, the first two games involving graphemes become available. The first letter 
game demonstrates the basic reading process by spelling the phonemes and combining them 
into a word. The word is spoken and then removed from the screen. The child must then 
place the accompanying picture into one of two boxes, selecting the one that represents the 
correct initial grapheme of the word. Children learn how “reading” is done and gain 
familiarity with the different graphemes via this game.
The second letter game requires the child to copy simple consonant-vowel-consonant 
words. The graphemes for each position in the word can be found by clicking on an arrow. 
This game is easy to perform, which gives the child some reading success experiences. The 
child can also discover how changing a single grapheme can create a new word.
When a child shows no problems with the previous games, a new game becomes 
available to test his or her grapheme knowledge. In this letter game, the child is asked to 
point at the object with the grapheme a parrot asks for. The program makes a “letter book” 
containing all the graphemes that a particular child knows.
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When the child knows enough letters to make at least five consonant-vocal-consonant 
words, the final game becomes available. In this game, the child creates words with the 
letters he or she knows and tries to find the words for which a picture is available in the 
program. All of the words are placed in a “word book."
The games involving graphemes draw upon the self-teaching hypothesis put forth by 
Share (1995). The words used in these games have a one-to-one correspondence between 
text and sound, which gets the self-teaching mechanism started (Share, 1995).
2.2.4 Control group software
Children in the control group also worked with computer programs on occasion but not 
the software used by the experimental group. The teachers reported mostly using 
entertainment software or software involving stories and games with shapes and colors.
2.3 Procedure
During a 40-week period interrupted by 5 weeks of vacation (fall, Christmas, spring), the 
children from the experimental group worked with the computer language games of the 
computer program once a week for a period of 15 minutes. During the last ten weeks of the 
school year, the children could play with the language games up to three times per week. It 
was checked that they worked with the learning games at least once every two weeks. During 
these last ten weeks, other games on the CD-ROMs could be played. The other games 
involved stories and vocabulary acquisition. Due to hardware problems, the computer data for 
some of the children were lost during the school year; for 35 of the original 42 children from 
the experimental group, the data were available. On average, these children played 4 hours 
and 21 minutes (SD = 1 hour, 3 minutes) with the discovery games and 4 hours and 3 minutes 
(SD = 1 hour) with the learning games.
In the main building of the school, several computers were placed in the central hall. 
Volunteer parents took the children from the classroom and helped them get started with the 
program. At the end of the session, the volunteers returned the children to their classes. In an 
annex building of the school in another part of town, two computers were placed right outside 
the classroom. The teacher did not need volunteer parents and could position the children 
behind the computer herself.
The five available CD-ROMs were alternated during the school year. The adaptivity of 
the software spanned all of the CD-ROMs, which meant that a child had access to a certain 
game on one CD-ROM and the other CD-ROMs as well. The children worked individually
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with the software and wore headphones during the sessions. The discovery games were not 
always available. Every other two weeks, they were turned off for two weeks in order to 
make sure that the children also worked with the more difficult learning games.
Pre-testing took place at the start of the school year. Interim testing was undertaken 
halfway through the school year, just after the Christmas vacation. Post-testing was done just 
before the summer vacation. Retention testing took place in first grade after four months of 
formal reading instruction, just before the Christmas vacation. Due to ceiling effects during 
kindergarten, the rhyming task was omitted at this point.
2.3.1 Data analysis
Multivariate repeated measures analyses were undertaken (Maxwell & Delaney, 1990). 
Time was the within subjects factor (pretest, interim test, posttest). The between subjects 
factors were Intervention (experimental group, control group) and Ethnicity (native, 
immigrant). In the case of a two-way interaction of Time with one of the other variables, the 
results were further explored using independent samples t-tests. Given that five tests were 
conducted (measurements 1, 2, and 3 and progress between measurement 1 and 2; progress 
between measurement 2 and 3), the alpha level was changed from .05 to .01.
3 Results
3.1 Intervention effects
Table 4.1 shows the mean scores for each group on the different tests. The following 
sections will deal with each of the tests separately.
Table 4.1: Average pretest, interim test and posttest scores on rhyming, phonemic 
segmentation, auditory blending and grapheme knowledge o f native and immigrant 
experimental (n = 42) and control children (n = 58) (with standard deviations in 
parentheses).
experimental native experimental immigrant
pretest interim test posttest pretest interim test posttest
rhyming 7.63 8.75 9.50 2.92 6.69 8.31
(3.36) (2.14) (1.15) (3.03) (3.57) (2.68)
phonemic .56 2.69 3.31 .08 1.42 3.35
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segmentation (1.99) (3.98) (4.51) (.27) (2.76) (3.95)
auditory 1.88 2.94 5.25 1.08 3.19 6.77
blending (2.36) (3.15) (4.96) (1.49) (4.02) (6.19)
grapheme .13 3.25 4.56 .85 4.62 (6.60) 9.42
knowledge (.34) (4.31) (6.48) (2.15) (10.24)
control native control immigrant
rhyming 6.73 8.91 9.36 4.19 5.53 7.22
(2.88) (1.80) (1.71) (2.99) (3.78) (3.02)
phonemic .73 2.00 2.55 .81 1.75 2.50
segmentation (2.05) (3.09) (4.37) (2.48) (3.43) (4.43)
auditory 1.18 3.68 5.68 1.83 3.86 5.58
blending (1.59) (3.12) (4.79) (3.90) (5.40) (6.03)
grapheme 1.55 4.23 5.18 2.14 5.50 6.89
knowledge (3.26) (3.68) (5.96) (4.90) (8.18) (9.63)
3.1.1 Rhyming
The analysis of the rhyming task revealed a main effect of Time (F(2, 95) = 52.253, p  < 
.001, n2 = .524), an interaction between Time and Ethnicity (F(2, 95) = 5.425, p  = .006, rj2 = 
.103), and a three-way interaction between Time, Intervention, and Ethnicity (F(2, 95) =
4.042, p  = .021, n  = .078. Also a main effect of Ethnicity (F(1, 96) = 27.889, p  < .001, n  = 
.225) was found.
The three-way interaction was further explored in a series of one-way ANOVAs with the 
three measurements points as the dependent variables and four groups as the independent 
variable (native experimental, native control, immigrant experimental, immigrant control). 
The ANOVAs showed significant between groups effects at pretest, interim test, and posttest 
(pretest: F(3, 96) = 11.223, p  < .001, d  = 1.3511; interim test: F(3, 96) = 6.981, p  < .001, d  = 
.985; posttest: F(3, 96) = 4.936, p  = .003, d  = .8753). Post-hoc tests with Bonferroni 
correction revealed significant differences between the two native groups and the two 
immigrant groups at pretest (p < .02 in all cases). At the other two measurement points, the 
immigrant experimental group no longer differed from the native groups. The immigrant 
control group still differed from the native groups (p < .02 in all cases).
Figure 4.1 shows the most gain to be made between the first and second measurement 
points. An ANOVA shows a significant Group effect on the progress made between the first
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and second measurement points (F(3, 96) = 4.036, p  = .009, d  = .844) , but not between the 
second and third measurement points (F(3, 96) = 1.948, p  = .127, d  = .554). According to 
post-hoc comparisons with Bonferroni correction, the significant Group effect can be 
attributed to the immigrant experimental group, which making more progress than the 
immigrant control group (p = .013) and the native experimental group (p = .04) within the 
same time-frame.
Figure 4.1 shows the average scores on the rhyme task. One can see that native children 
reach ceiling at posttest.
native experimental 
native control 
immigrant experimental 
immigrant control
Figure 4.1: Average scores o f native and immigrant experimental (n= 42) and control 
children (n = 58) at the rhyme task before, during and at the end o f the intervention. 
Maximum score is 10.
3.1.2 Phonemic segmentation
For phonemic segmentation, only a main effect of Time was found (F(2, 95) = 19.342), p  
< .001, n2 = .289. The average score for the entire group of children increased from .560 (SD 
= 1.945) at pretest to 1.870 (SD = 3.2649) at interim test to 2.860 (SD = 4.264) at posttest.
3.1.3 Auditory blending
For auditory blending as well, only a main effect of Time was found (F(2, 95) = 34.486), 
p  < .001, n  = .421. The average score for the entire group of children increased from 1.492 
(SD = .287) to 3.418 (SD = .449) to 5.821 (SD = .591).
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3.1.4. Grapheme knowledge
Once again the analyses reveal a main effect of Time (F(2, 95) = 27.821, p  < .001, n  = 
.369). There were trends towards an interaction between Time and Intervention (F(2, 95) = 
2.627), p  = .078, r)2 = .052) and between Time and Ethnicity (F(2, 95) = 2.813, p  = .065, n  = 
.056). Although the groups did not differ significantly at any of the three measurement points, 
independent sample t-tests to examine the Time by Intervention interaction showed the 
experimental group to have a higher learning gain between the second and third measurement 
points than the control group (t(73.543) = 2.620, p  = .011, d  = .547).
The trend towards an interaction between Time and Ethnicity was also further explored. 
There was no difference between the native and immigrant children at any of the specific 
measurement points. However, the immigrant children learned slightly more new graphemes 
between the second and third measurement points than the native children (t(98) = -2.016, p  = 
.046, d  = .426). Figure 4.2 visualizes the results.
t 3<L>
o
Ü2
<L>
D
<D>
• native experimental
• native control
• immigrant experimental 
■ immigrant control
Figure 4.2: Average grapheme knowledge o f native and immigrant experimental (n= 42) and 
control children (n = 58) before, during and at the end o f the intervention.
3.2 Effects o f computer time
In Table 4.2 the correlations between the learning gains during the school year and the 
amount of time spent on the computer intervention for the 35 children from the experimental 
group whose data was not corrupted by hardware problems are presented. One can see 
significant negative correlations between the amount of time spent on discovery games and
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the learning gains for rhyming, phonemic segmentation, auditory blending, and grapheme 
knowledge. The amount of time spent on the rhyming and blending learning game on the 
computer positively correlated with the learning gain for the rhyming task but not the 
blending task. Finally, the amount of time spent on the learning games involving letters 
positively correlated with the learning gains for phonemic segmentation, auditory blending, 
and grapheme knowledge.
Table 4.2: Correlations between amount o f time spent on various computer games and 
progress on various tasks during the school year (n = 35). Note: * = p  <.05; ** = p  < .01.
progress
rhyming
progress
phonemic
segmentation
progress
auditory
blending
progress
grapheme
knowledge
time discovery games r = -.337* r = -.451** r = -.359* r = -.358*
time rhyming and 
blending game
r = .469** r = .116 r = .101 r = -.111
time games involving 
letters
r = -.216 r = .470** r = .400* r = .657**
3.3 First grade retest effects
Multivariate analyses of variance with phonemic segmentation, auditory blending, 
grapheme knowledge, and decoding as the dependent variables and Intervention and 
Ethnicity as the fixed factors showed a main effect of Intervention (F(4, 71) = 4.346, p  = 
.003, n  = .197). No significant effect of Ethnicity was found and also no significant 
interaction between Ethnicity and Intervention. Tests of the between-subjects effects showed 
the grapheme knowledge of the experimental and control groups to differ significantly after 
four months of reading education (F(1, 74) = 10.781, p = .002, n  = .127). Table 4.3 contains 
a summary of the results.
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Table 4.3: Average scores on phonemic segmentation, auditory blending, grapheme 
knowledge, and decoding o f native and immigrant experimental (n = 34) and control children 
(n = 44) after four months offormal reading education (with standard deviations in 
parentheses).
phonemic auditory grapheme decoding
segmentation blending knowledge (N of words/
(max = 20) (max = 20) (max = 34) minute)
experimental 13.26 (4.45) 17.43 (3.04) 33.76 (.55) 20.38 (10.47)
group
control 14.11 (4.76) 15.88 (3.81) 32.64 (1.97) 17.93 (7.39)
group
4 Discussion and conclusion
4.1 Effects o f the computer intervention
The present study was aimed at discovering whether extended computer intervention 
could promote the development of phonological awareness among native and immigrant 
kindergartners. The children worked with the software once a week for 15 minutes 
throughout the entire school year. Discovery games were only available half of the time while 
the learning games were always available. Contrary to our expectation, the intervention did 
not directly affect the children's auditory blending and no transfer effects were found for 
phonemic segmentation. However, on rhyme the intervention showed significant positive 
effects for the immigrant children, which was explicitly trained within the computer program. 
The intervention thus allowed the immigrant children to catch up to the native children in this 
regard.
The intervention also showed significant positive effects for grapheme knowledge. The 
entire experimental group benefited from the presence of computer games involving letters. 
The experimental children showed more progress on grapheme knowledge during the second 
half of the school year than the control group.
The intervention showed significant positive effects on early literacy in first grade. 
Apparently, the program facilitates children's process of learning to read in first grade. In first 
grade, after four months of reading education and six months after completion of the 
intervention, all of the tasks were again administered, with the exception of the rhyming task, 
due to ceiling scores at the end of kindergarten and the additional administration of a
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decoding task in order to examine the early reading abilities of the children. The experimental 
group differed significantly from the control group in multivariate analyses of variance, 
which could mainly be ascribed to a higher grapheme knowledge.
After calculation of the correlations between the amount of time spent on the various 
computer games and the progress made on the different tasks during the school year, 
significant positive correlations between time spent on games involving letters and progress 
on auditory blending, phonemic segmentation and grapheme knowledge were found. This 
suggests that the use of the computer program clearly influenced these aspects of the 
language development of the children. We also found positive correlations between the 
amount of time spent on the rhyming and blending game and the children's rhyming progress. 
In addition, those children who played the discovery games more often showed less progress 
than those children who played the learning games more often.
4.2 Some limitations on the present study
Although the intervention showed positive training results, we did not find the expected 
differences in learning gain for the experimental versus control groups on the auditory 
blending task. The correlations between computer training time and progress nevertheless 
showed a positive effect for blending while Reitsma and Wesseling (1998) found positive 
effects of a computer training program on blending. The training in the Reitsma and 
Wesseling study was specifically focussed on this aspect of language and consisted of various 
blending games while our training was much broader and only included one specific blending 
game. The results are thus in line with the conclusion by Ehri et al. (2001) that effect sizes 
drop when more abilities are trained.
The effects of the training on such variables as grapheme knowledge and decoding were 
smaller than we had hoped for. The adaptivity of the computer program could be partly 
responsible for this. Children must keep playing different rhyming and blending games until 
they reach a certain level. It therefore takes a considerable amount of time for the children to 
start playing games involving letters. The fact that no effects of the intervention on grapheme 
knowledge were found in the first half of the year of the intervention can probably be 
ascribed to this. Also, those children who can already rhyme but not blend, spend a lot of 
time on unnecessary rhyming exercises. Once children have access to the games involving 
letters, access to the other games is also not denied. A computer training is probably more 
effective when the adaptivity is thus more stringent. The negative correlations between time 
spent on discovery games and learning gain also points in this direction as the discovery
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games are less directly focussed on learning. In light of Ehri et al.'s (2001) conclusion that the 
training of only one or two abilities at a time is most effective, a game addressing an aspect 
of phonological awareness that has already been mastered should no longer be available to 
the children at a certain point. A disadvantage of such strictness, of course, is that children 
may be less motivated because they cannot choose the games they want.
In addition to the adaptivity of the computer program it should be recognized that the 
awareness of kindergarten teachers on the importance of phonological awareness should be 
considered. Teachers spend considerable time on several elements of phonological awareness 
during the school year. A short-term computer intervention — such as the one conducted by 
Foster, Brinkman, and Torgeson (1994) — may therefore produce particularly positive results 
simply because the training was conducted before the teacher addressed that aspect of 
phonological awareness with the class as a whole.
The present study compared an experimental group from one school with a control group 
from two other schools. We acknowledge that certain differences between the groups may be 
related to differences between the teachers. Given that there were five different teachers in 
the experimental school and seven different teachers in the control schools, we nevertheless 
consider such a conclusion to be highly unlikely.
4.3 Practical implications
The computer proved to be a useful tool for helping children enhance their linguistic 
abilities. The software should nevertheless be made even more adaptive than the software 
used in this study. In such a manner, the children can benefit most from their computer time, 
which is a conclusion that Atkinson already reached back in 1974. Although computer 
programs have advanced a lot since that time, it is amazing how little research has been 
conducted on how to optimize the software in such a promising area of application (cf. Ehri 
et al., 2001). With respect to educational practice, the results of the present study show that it 
is possible to enhance the early literacy development of children with different linguistic and 
cultural backgrounds by using a computer training program.
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Part II: Multimedia support of children with specific language problems

Chapter 5
Benefits of speech manipulation for children with language 
disorders3
1 Introduction
The relationship of auditory processing problems to language learning problems is well 
established (Tallal, 2000). It is generally believed that language impairment is strongly 
related to difficulties in the temporal processing of both auditory and visual information. It is 
hypothesized that children with SLI differ from their peers in the ability to discriminate and 
process the basic components of speech, and that such speech discrimination problems are 
related to difficulties in the processing of brief sensory cues or rapidly changing sequential 
information. Such temporal processing deficit is even thought of as a biological marker of 
language disorders given that such deficits appear to emerge as early as the first year of life 
(see Benasich & Tallal, 1996). From an etiological point of view, temporal processing 
deficits are assigned to incomplete mental representations of phonetic information due to 
inherited inferior learning systems or speech and/or visual reception problems, which are 
associated with a limited use of the temporal information available in acoustic and visual 
stimuli (Merzenich et al., 1993; Merzenich & Jenkins, 1995). It is assumed that limitations in 
the segmentation and integration of temporal information may lead to neurological changes 
affecting language development.
The claim that deficits in the ability to process temporal information may be the cause of 
language impairment has important implications for remediation. In recent research, an 
attempt has been made to develop speech modification algorithms to evoke critical language 
learning processes. The main idea of such algorithms has been to remodel the brain of the 
child in such a way that rapid temporal changes in sounds are better perceived. The basic 
assumption is that training engages brain plasticity mechanisms, which leads to changes in 
the cortex. Through multiple training experiences, new neural groups can be formed and 
further extended. Empirical evidence for this assumption has come from brain studies among 
adult monkeys before and after they were trained to process rapidly successive acoustic or 
tactile stimuli (Jenkins et al., 1990; Merzenich & Jenkins, 1995; Merzenich, et al. 1996). As a 
consequence of intensive practice following strict behavioral training procedures, neural
3 Reference: Verhoeven, L., & Segers, E. (in press). Benefits of speech manipulation for children with language 
disorders. In: L. Verhoeven & H. van Balkom (Eds.), Classification o f  Developmental Language Disorders. 
Mahwah, NJ: Lawrence Erlbaum.
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connections in the brains of these monkeys could be reshaped. With practice, individual 
acoustic or tactile events could be represented neurologically with greater clarity and with 
sharper time distinction. As a result, the progressively trained brain could correctly identify 
or distinguish between successive events that it was receiving at ever increasing rates. From 
these studies, it was concluded that defective acoustic signal segmentation and integration 
effects may be the result of early receptive learning progressions in individuals with 
impairments, and that a particular form of training may drive progressive improvements in 
the brain representations of rapidly successive inputs in individuals with learning 
impairments. This train of thought has led to the development of the so-called Fast ForWord 
program (Merzenich et al., 1996). This computer-based program contains a series of games in 
which phonemes that were found to be difficult for children with language impairment are 
being lengthened and intensified. In these games, the discrimination of tones with decreasing 
interstimulus intervals is also practiced.
In the present chapter, the research on speech manipulation for children with language 
impairment is reviewed. We restrict ourselves to research conducted on the impact of formant 
transitions and their manipulation in the speech perception of children and adults with 
language/speech problems. Searching through PsychINFO on keywords as: formant 
transition, speech manipulation, transition length, varying duration, categorical perception, 
and searching through reference lists, we found several articles concerning this subject. The 
start of this line of research can be put at the articles by Tallal and Piercy in 1974 and 1975. 
The two articles describe a series of experiments with a subject group of 12 children who 
enter a special school for aphasic children and 12 control children. The former 12 children 
have a diagnosis of developmental aphasia, but no other problems on hearing or intelligence. 
In a first experiment (1974), the researchers show how the aphasic children have no problems 
in discriminating vocals. In consonant-vowel stimuli, however, when there is a short formant 
transition, the aphasic group shows more problems than the control group. In a second 
experiment (1975), it is shown that this same group of aphasic children performs as well as 
the control group when the formant transition is set longer. In later studies, Tallal and 
colleagues have confirmed how dysphasics have problems discriminating CVs containing 
stop consonants, which have a fast formant transition. These studies are described in the 
following section, along with articles that used a continuum to prove the difference in speech 
perception between children with or without language/speech problems. In the next section, 
we describe research that has followed the article from 1975. Several scientists have done 
research on the lengthening of fast formant transitions and the effects this can have on people
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with language/speech problems. In the follow-up section, we describe research on the effects 
of intensive training with manipulated speech. There are only two studies that compare a 
training and a control group on such effects. In the final discussion section, we describe the 
gaps in this line of research and the questions that remain to be answered.
2 The difficulty of fast formant transitions
With respect to the claim that individuals with language impairment have difficulty in 
processing brief, rapidly successive acoustic cues in verbal stimuli, a distinction can be made 
between studies focusing on the discrimination of CV-segments containing a stop consonant 
and studies using a continuum rather than end-point discrimination. The difference between 
these two types of studies is described by Thibodeau and Sussman (1979) as phonemic versus 
phonetic discrimination: 'Phonemic discrimination tests require a child to decide whether 
pairs of auditory stimuli are alike or different, to make correct/incorrect judgements regarding 
the accuracy of production of auditory stimuli in association with a picture, or to identify a 
picture from a group that corresponds to a heard auditory stimulus. Tokens from these types 
of tests are samples of a phonetic category. Phonetic discrimination, on the other hand, allows 
for investigation of differences in the perception of subtle allophonic variations upon which 
phonemic boundaries are established. Stimuli are systematically varied along an acoustic 
continuum.' (pp. 376)
Only a few studies have investigated the difficulty language impaired individuals have in 
discriminating CVs containing a stop consonant. Table 5.1 gives an overview of these 
studies.
Table 5.1: Overview o f studies on the difficulty children with developmental language 
disorders have in discriminating CVs containing a stop consonant
year Authors subject group speech material conclusion
1974 Tallal & Piercy 12 aphasic children /ba/ - /da/; formant transition aphasies have more
12 controls 43 msec problems than controls
age 6.9-9.3 years old
1980a Tallal, Stark, 35 developmental /ba/ - /da/ as in Tallal and dysphasics have more
Kallmann & dysphasics Piercy 1974. problems than controls
Mellits 38 controls
average age: 6.8 years
old
Synthetic copies of natural 
utterances /ba/ - /be/ /bi/ -
/dae/, /ds/ - /di/; formant
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transition varying naturally
1981 Tallal & Stark same as above /ba/ - /da/, /da/ - /ta/, /s/ - 
/ae/, /dab/ - /daeb/, /sa/ - 
/sta/, /sa/ - /Ja/
dysphasics have more 
problems than controls in 
/ba/-/da/, /da/-/ta/ and also
/sa/-/Ja/.
1989 Reed 23 reading disabled 
23 'normals' 
average age: 8.9
/ba/ - /da/, /s/ - /q /, reading disabled have 
problems in /ba/ - /da/ as 
opposed to controls.
1992 Leonard, 8 SLI, 8 normals. /ba/ - /da/ , /dab/ - /dQb/, /i/ - SLI's have more problems
McGregor & 4.5-5.6 years old /u/, /dab-i-ba/ - /dab-u-ba/, than controls except in
Allen /das/ - /daJ/ /dab/ - /dQb/ and /i/ - /u/
The results of these studies generally show how language and reading impaired 
individuals have problems in discriminating synthetic speech stimuli containing a stop 
consonant followed by a vowel. However, the studies differ in subject population, method, 
and data analysis. The study by Tallal and Piercy (1974) consisted of two identification 
experiments: the subject had to push one button if he or she heard syllable 1 and the other if 
he or she heard syllable 2. In a discrimination task in the same study, the subjects had to 
push one button if the two presented items were the same and another if the items were 
different. The criterion used in this study was that subjects have to have 20 correct answers 
out of 24 in a series of maximum 48 trials. The aphasics differ from the normal controls, for 
example, in the same-different task because 2 out of 12 subjects did not reach this criterion, 
whereas all controls did. This difference was significant as measured by a Likelihood Ratio 
Test (p < .01). Notice that we do not know how many errors the subjects made and the extent 
to which the groups differ on this variable.
Tallal, Stark, Kallman, and Mellits (1980a) did not use a same-different task, only the 
identification task as is described in the previous experiment. This time the difference 
between language delayed and controls is established by the number of errors they made (t- 
test). The language delayed made significantly more errors.
Tallal and Stark (1981) used a new sort of task: a change/no change task where children 
did not have to make a same/different judgments. Children had to click on a button when they 
heard a target word (e.g., /ba/) in a series (of e.g., /da/). The criterion was also changed: 
subjects now had to have 12 out of 16 correct answers in a maximum of 48 trials. This time, a 
Mann-Whitney U test was used to demonstrate the difference between the groups. Tallal and
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Stark pointed out that the developmental dysphasics made significantly more errors than the 
controls.
Reed (1989) used several tasks, one of which was also used by Tallal et al. (1980a). A t- 
test showed the difference in the number of mistakes made by reading disabled and controls 
to be significant. She also used a task in which subjects have to point at one of two pictures 
when hearing a word; again the difference in the number of errors between the two groups 
turned out to be significant.
Leonard et al. (1992) used the same task as Tallal and Stark (1981). The criterion 
measure was 12 out of 16 correct answers, with a maximum of 48 trials. The difference 
between the two groups was demonstrated by means of a new measure: the number of errors 
made in the first 16 trials. This was not measured for the /ba/ - /da/ contrast, where it was 
only said that 6 out of the 8 regular subjects and 2 out of 8 SLIs did not reach the criterion 
measure.
Reed (1989) also described two experiments in which she displayed a continuum. 
Reading disabled individuals showed a difference in the curve in their answering behaviour 
as opposed to the controls at the /ba/ - /da/ continuum. In a /bap - /dap/ continuum, the 
reading-disabled group showed a large effect of lexical status near the category boundary 
contrary to the control group.
Further studies exploring the difficulty of fast formant transitions using a continuum 
(phonetic discrimination) are listed in Table 5.2. These studies do not exclusively investigate 
the difference of fast formant transitions, which are responsible for place of articulation, also 
Voice Onset Time is sometimes the changing variable. Subjects in most of these studies have 
less severe oral or written language problems. They are often labeled as dyslexics, poor 
readers or having learning problems. In most studies, small differences have been found 
between the population studied and the control group. The subjects showed more variability 
in their answers and more uncertainty in their discrimination. However, in the vast majority 
of cases they were able to discriminate the endpoints of the continuum, a task that the 
subjects in the studies listed in Table 5.1 had more problems with.
Table 5.2 : Studies which used a speech continuum to investigate the difference in speech 
perception between language disordered subjects and controls.
year authors Subjects speech stimuli results
1979 Thibodeau & 17 communication /ba/ - /pa/ 21 step continuum no significant effects;
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1980
1981
1987
1988
1988
1989
1992
1993a
Sussman disordered (7.0) 
12 controls (6.9)
(VOT)
Brandt & 
Rosen
Godfrey et al.
Werker & Tees
Elliot & 
Hammer
De Weirdt
Elliot, Hammer 
& Scholl
Steffens, Eilers, 
Gross-Glenn & 
Jallad 
Sussman
12 reading-disabled 
4 normal-reading 
10.5 years old
17 dyslexics
16 controls
7.3 -  15.1 years old 
14 reading problems (2 
years behind: 8-14)
14 controls (8-13)
21 normal (7.0)
21 learning problems
(7.2)
study 1:
48 first graders, analysis 
25 left 
study 2:
11 high achievers 
11 low achievers 
11 moderate dyslexic 
11 severe dyslexic 
study 3
18 good readers 
18 poor readers 
younger group:
77 regular, 61 learning 
problems (6-7 year old) 
older group 
66 regular, 90 learning 
problems (8-11 year old) 
18 adult dyslexics 
18 adult normal readers
11 5/6-year-olds 
language impaired 
10 controls (4.3 years 
old)
/da/-/ta/ 11 step continuum 
(VOT)
/ba/ - /da/ - /ga/ 14 step 
continuum
/ba/ - /da/ and /da/ - /ga/ 8 step 
continua
/ba/-/da/ 8 step continuum
/ba/ - /pa/ 8 step and
/ba/ - /da/ - /ga/ 13 step continua
study 1 & 2 & 3:
/pA/ - /tA/ 10 step continuum
Note: In study 3 it was found 
that same/different judgement 
generates about the same results 
as speech repetition.
/ba/ - /pa/ 8 step and 
/ba/ - /da/ - /ga/ 13 step 
continua
/a/ - /a/, /ba/ - /da/ and /sta/ - 
/sa/ 11 step continua
/ba/ - /da/ 7 step continuum
greater variability in the 
communication disordered 
group.
no differences found
difference between groups
difference between groups
difference between groups at 
VOT, not at place of 
articulation
study 1: results of Godfrey
et al are 'not replicated very
convincingly' (p.171)
study 2:
differences in
discrimination, not
identification
study 3: differences in
discrimination
differences between learning 
and age groups
differences between groups
differences in identification, 
not discrimination with age- 
matched controls from 
former study (Sussman,
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1997 Irausquin
1997 Groenen
1997 Manis et al.
17 poor readers (11.9)
17 chronological age 
matched controls (11.9)
17 reading age matched continua 
controls (8.5) natural speech
study 1
/da/ - /ba/ (place of articulation) 
and /da/ - /ta/ (VOT) 9 step
study 2
phonetically similar 
pseudowords (e.g., buto-duto)
study 1
8 developmental 
dyslexia (8.9)
12 age matched controls 
Reading matched 
controls (7.0) 
study 2
10 children articulation 
problems (9.0)
10 controls (9.1)
10 adolescents 
articulation problems 
(14.9)
10 adults (36.2) 
study 3
17 apraxia (8.8)
16 controls (8:0)
25 dyslexics grade (4 -
10 years)
25 age matched controls 
24 reading age matched 
controls
study 1
/bak/-/dak/ 7 step continuum 
/bak/-/pak/ 8 step continuum
study 2
/pak/-/tak/ 7 step continuum 
study 3
/bak/-/dak/ synthesized and re­
synthesized 7 step continua
/bath/-/path/ 13 step continuum
1993b) 
study 1
difference between poor 
readers and controls on 
place of articulation 
discrimination accuracy. 
study 2
no differences except for 
reaction time: poor readers 
are slower at making 
'different' judgments, CA in 
making 'same' judgments. 
study 1
identification, dyslexics 
perform as well as RA, 
worse then CA 
discrimination: dyslexics 
differ from both controls. 
study 2: difference between 
adolescents and adult 
controls and between 
children articulation 
problems and both controls. 
study 3
difference between groups
difference between controls 
and dyslexics, especially 
phonemic awareness group
Brandt and Rosen (1980) found no differences between the two groups of subjects. 
However, Godfrey et al. (1981) argued that the authors would have found differences if they 
had used a more appropriate analysis.
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In all studies, synthetic speech was used in all studies except for the one by Irausquin
(1997), who is also the first to take reaction time into consideration. Groenen (1997) used 
both synthesized and resynthesized speech. The number of steps in the continua of the studies 
varied and may have also have influenced the results along with the various analysis 
techniques being used.
The overall conclusion by Manis et al. provides a good summary: “the differences are 
real, but small and therefore hard to detect.” (p. 214). They also pointed out that some of the 
variation found in all of these studies can be attributed to intrinsic differences in attention 
levels.
3 The benefits of speech manipulation
The 1975 study by Tallal and Piercy showed how the performance of the dysphasic 
children on the repetition task can be dramatically improved when lengthening the formant 
transition. They found that if fast formant transitions in stimuli like /ba/ were stretched, the 
results of the language-impaired children greatly improved (Tallal & Piercy, 1975). Studies 
concerning manipulating speech to improve results of people with language/speech problems 
are listed in Table 5.3. One can notice that the subject samples in these studies are more in 
line with the ones in Table 5.1.
Table 5.3: Studies on manipulating speech in order to improve results o f people with 
language/speech problems.
1975 Tallal & Piercy as inTallal and 
Piercy, 1974 
12 aphasic children 
12 controls 
age 6.8-9.3
/ba/ - /da/; formant transition 
extended from 40 to 80msec
positive effects
1980 Frumkin & 20 dysphasic children /ba/ - /da/ and /a/ - /u/ positive effects for subgroup
Rapin 9 control children
average age 9.6
Synthetic speech, Haskins Lab. 
CV: 2nd and 3rd formant 
40msec or 80 msec; total length 
250 msec
V: 40, 80 or 250 msec.
1980b Tallal, Stark, 14 developmental /ba/ - /da/ as in Tallal and results aphasics dependent
Kallman & dysphasics Piercy 1974. on syllable speed and ISI
Mellits 23 normally Synthetic copies of natural time
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1982
1984
1985
Alexander & 
Frost
Blumstein, 
Tartter, Nigro & 
Statlender
1985 Riedel & 
Studdert- 
Kennedy
Tallal, Stark & 
Mellits
1996 Stark & Heinz
1999 Bradlow et al.
developing 
age 5-9
24 children from 
special education, 
language/speech 
problems 
age: 7.2-11.6
1) 22 adults (16 
aphasics, 6 
controls)
2) 18 aphasics, 5 
controls
12 adult aphasics. 
average age 55
subgroup of Tallal, 
Stark, Kallmann, 
Mellits 1980, and 
Tallal and Stark 1981
26 developmental 
dysphasics
11 children with 
expressive problems
21 children with 
expressive and 
receptive problems
22 controls 
6-10 years old 
32 children with 
learning problems 
72 controls
age 6-16
positive effects
utterances /ba/ - /be/, /bi/ - 
/dae/, /de/ - /di/; formant 
transition varying naturally 
/ba/ - /da/ as in Tallal and 
Piercy (1974). Formant 
transitions: 80, 70, 60 and 40 
msec.
1) 2 synthetic /ba/ - /da/ - /ga/ no effects 
continua.
2) 12 CV's /da/ - /ga/ from 
two continua exp 1, the 
same four but with formant 
transition 65 and 85 msec.
/ba/ - /da/ as in Tallal and no effects
Piercy (1974).
Formant transition 30 and 82
msec.
same as Tallal and Stark 1981 Unclear
/ba/ /da/ Klatt synthesis.
Formant transition 30 to 80 
msec. in steps of 10.
positive effect for children 
with expressive and 
receptive problems
two /da/ - /ga/ continua 
40 msec and 80 msec formant 
transition 
Control: /ba/ - /wa/
no effects
For this domain, the results are far from conclusive. Tallal and Piercy (1975) showed that 
if fast formant transitions in stimuli were stretched, the auditory discrimination results of the 
language-impaired children greatly improved. In this experiment, the duration of the formant
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transition within the syllables /ba/ and /da/ was extended from 40 to 80 msec, whereas the 
duration of the following vowel representation was reduced from 210 to 170 msec. By 
extending the brief intra-syllabic cues within the speech waveform in a similar way, Frumkin 
and Rapin (1980) and Alexander and Frost (1982) also showed a significant improvement in 
auditory discrimination in subgroups of language-impaired children. Stark and Heinz (1996) 
applied a Klatt synthesis, extending the formant transition in /ba/ and /da/ from 30 to 80 msec 
and found a positive effect for children with expressive and receptive language problems. In 
the study by Tallal et al. (1980b), a combined effect of an acceleration of syllables and a 
decrease in interstimulus intervals was found for the group of dysphasics. In the study by 
Tallal, Stark, and Mellits (1985), there was a tendency that the length of transitions varied 
with the level of difficulty level for dysphasics. However, the statistical procedure followed 
in this study can be questioned (cf. Elliot, Hammer & Scholl, 1989). No significant effects 
were reported in the studies by Blumstein et al. (1984), Riedel and Studdert-Kennedy (1985) 
and Bradlow et al. (1999), all exploring the effects of the extension of patterns such as /ba/, 
/da/, and /ga/ on auditory discrimination.
4. Auditory training with speech manipulation
Given the positive effects of training studies with animals showed that sensory processing 
skills could be sharpened by intensive practice, an intervention program for children with SLI 
was developed by Tallal, Merzenich, and colleagues. The program consisted of computer 
games using acoustically modified speech signals in which the duration of the speech signal 
was prolonged and the transitional elements were amplified. The speech manipulation used in 
this study is different from what was previously tested in experiments. Instead of lengthening 
the formant transition, a speech modification algorithm was used, which slowed down the 
complete speech signal and amplified fast transitional elements up to 20dB. Details of the 
speech modification algorithm have been described by Nagarajan et al. (1998).
In a study by Tallal et al. (1996), the effects of this program were examined (see Table 
5.4). Other training studies (e.g., Merzenich et al., 1996), which did not include a control 
group receiving the same training without manipulated speech, were left out of this survey 
because they do not prove the benefits of speech manipulation. In the training study displayed 
in Table 5.4, 11 children with SLI were exposed to the program, whereas a control group of 
11 children with SLI received a similar training using unmodified speech signals. Following a 
4-week period of training, the children in the experimental group gained an average of 18 to
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24 months on standardized tests for language comprehension. However, as Bishop (1997) and 
Rice (1997) proposed, factors other than temporal processing in the games under 
consideration might explain the gains in the experimental condition. This could be direct 
clinician-to-client interaction or additional listening homework
Table 5.4: Training study concerning speech manipulation and children with 
language/speech problems.
1996 Tallal et al. 22 SLI
average age 7.4
Computer games with or without speech manipulation positive effects
1999 Habib, et al. 12 dyslexics 
age 10-12
Listening exercises with or without speech 
manipulation
positive effects
The promising results of this pilot study have encouraged the development of a computer- 
based intervention program called Fast ForWord (Scientific Learning Corporation, 1999).
The creation of this computer program was guided by several neuropsychological principles. 
First of all, the program needed to be adaptive, being attuned to the individual learner, 
increasing in difficulty as the child progresses, and maintaining motivational and behavioral 
control. Secondly, the training exercise designs were based on the presupposed magnitude 
and deficits in acoustic signal reception for the individual child. Exercises started with 
nonspeech stimuli or acoustically modified speech stimuli. Gradually the stimuli changed 
until, at the highest game level, the child was operating with normal speech or making 
accurate acoustic distinctions about the rapidly successive or dynamically changing sounds. 
Third, the program was hierarchically built up in that trained acoustic and speech processing 
abilities were transferred to higher-level speech and language contexts, enforcing 
generalizations to real-world speech and language comprehension. Finally, explicit training in 
syntax and morphology was also provided in the program using acoustically modified speech.
The Fast ForWord program consists of seven computer games, focusing at: (a) processing 
and temporal sequencing skills, (b), phonemic sound change discrimination, (c), phoneme 
identification, (d), matching nonsense syllables that differ by a single phoneme, (e), 
recognizing words differing by a single phoneme, (f), syntax and listening comprehension, 
and (g), higher-level language skills. Each game consists of five levels. The first level 
incorporates digitally manipulated stimuli in which the duration and intensity of certain 
phonemic or transition elements is increased. Each successive game level reduces the
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parameters by which the signals are modified until the level of natural speech is reached. One 
hundred minutes of play over five different games is programmed for each day. The child’s 
performance is continuously monitored by the program. The suggested criterion for finishing 
the program is a performance level of 80% correct on five of the seven games. With the 
recommended pace of five days per week, the program is usually completed within six 
weeks.
Several large-scale field studies on the effects of the Fast ForWord program have been 
conducted by Tallal, Merzenich, and associates. Statistically significant gains in receptive and 
productive language scores have been reported in presentations (e.g., Tallal & Merzenich, 
1997). However, the gains in norm-referenced test scores being reported turned out not to be 
unusually larger in comparison to the gains in other intervention studies (see Law, in press).
A problem is that no reports on training effects have been published yet in scientific journals. 
Several critical comments can be made with regard to the studies being reported. The most 
serious flaws include the inadequacy of subject selection, the absence of no-treatment control 
groups and the lack of control of assessment procedures (no standard errors of measurements 
have been reported so that regression-to-the-mean effects cannot be excluded (cf. Gillam, 
1999)).
We found one more article that described a training study in which manipulated speech 
was used. Habib, Espesser, Rey, Giraud, Bruas and Gres (1999) trained six French dyslexic 
children with acoustically modified speech, whereas a control group received the same 
training with unmodified speech. Both training exercises and pre- and posttraining tests were 
created with words and non-words according to difficulties inherent to the French language. 
The manipulated speech group outperformed the normal group on posttests. The researchers 
claim to have used the same speech modification as in the Fast ForWord program. However, 
they describe that they first amplify ‘unstable portions’ in the speech signal and then they 
slow it by a constant factor (p. 144). We should remind the reader that the algorithm 
described by Nagarajan, et al. (1998) takes these steps in a different order by slowing down 
speech first, and then enhancing fast transitional elements.
5 Conclusions and discussion
From the present review, several conclusions can be drawn. Research on the 
discrimination of speech segments convincingly shows that children with language 
impairment have a reduced capacity for processing rapidly successive information.
Additional support for the hypothesis that acoustic rate processing deficits underlie language
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impairment comes from a series of studies showing that rapid auditory processing thresholds 
of infants at risk for language impairment are significantly longer than those of peers from 
control families (Benasich & Spitz, 1998; Benasich & Tallal, 1996, 1998).
With respect to the benefits of speech manipulation, the results are less pronounced. 
Positive effects have been reported in about half of the studies being conducted. The 
lengthening of fast formant transitions seems to foster speech discrimination only in children 
with speech/language problems and probably only in a subgroup of those children: the ones 
with both expressive and receptive problems (Stark & Heinz, 1996). The manipulation seems 
unhelpful for children with the more vague label of learning problems. However, only one 
study was published on this subject. Children in this study had a large age-range, so maybe an 
effect can only be found in younger children. Adult aphasics do not seem to benefit from 
speech manipulation.
In training, an intensive program is probably necessary to show improvements because 
the brain has to be retrained. However, so far there is no direct evidence that an extensive 
training program such as Fast ForWord alters brain morphology in children with SLI. 
Although the design of the training can be seen as highly challenging, its effectiveness still 
has to be showed. One problem is that the Fast ForWord program has a great deal more to 
offer than manipulated speech. Also, the training study conducted is not in line with the 
previously described research. In the training, the whole speech signal is stretched, not only 
the fast formant transitions. They are amplified up to 20dB following the neurological study 
by Merzenich et al. (1993) on monkeys. The study reported by Habib, et al. (1999) followed 
still another algorithm. More research is necessary on this front in order to overcome the 
methodological shortcomings of the studies conducted so far.
In conclusion, the hypothesis that a temporal processing constraint affects the 
development of normal phonological processing and grammatical morphology, leading to 
oral language and in many cases also literacy deficits, is a strong one (see also Bishop, 1997; 
Leonard, 1998; Tallal, 2000). There is clear evidence that individuals with language 
impairment in many cases have deficits in processing brief, rapidly successive acoustic cues 
in nonverbal stimuli. However, several limitations of a more generalized temporal processing 
deficit theory can be summed up. First of all, it should be mentioned that the experimental 
evidence for problems in processing rapid changes in speech was derived from studies in 
which synthetic speech was used as the input variable. Segers and Verhoeven (in press) found 
differences between SLI kindergartners and controls on an auditory discrimination task when 
using natural speech. However, no effects of speech manipulation were found. Segers and
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Verhoeven (2000) also found that -  with SLI kindergartners - speech manipulation in natural 
speech produced no extra effects after a short training of SLI. They also found that, in 
synthetic speech, both the lengthening of the complete speech signal and the lengthening of 
the fast formant transition had a positive effect on discrimination. This contradicts Leonard's 
hypothesis (Leonard, McGregor, and Allen, 1992) that the difficulty for SLI children is the 
fast formant transition relative to the rest of the speech signal. However the positive effect of 
enhancing the speech signal never appeared in any well-designed experimental study.
Second, contaminating variables may explain the variation in temporal processing 
abilities in children with language impairment. In many cases, information processing 
disabilities in children related to attention, memory, or executive functions coincide with 
language impairment (see Gillam & Hoffman, in press). For instance, Stark and Montgomery
(1995) showed that attention problems may lead to poorer performance on speeded auditory 
tasks. To exclude such contaminating factors in experiments, control measures must be taken 
with great care.
Furthermore, the temporal deficit hypothesis presupposes a causal relationship between 
temporal processing problems and SLI, whereas most empirical studies follow a correlational 
design leaving the problem of causality unresolved. In Tallal’s bottom-up approach, it is 
claimed that rapid and transient processing skills are mandatory for normal language 
development to take place. An alternate top-down approach was forwarded by Bishop (1992) 
suggesting that poor performance on auditory tests may also be the consequence of a 
defective language-learning system. Because children with language impairment are 
unfamiliar with the presentation of stimulus words being presented, their performance on 
auditory processing tasks may be relatively low. Bishop, et al. (1999a/b) investigated 
auditory processing skills in twins, including children with language impairment and control 
children, following a longitudinal design. No auditory measure demonstrated significant 
differences between the language impaired and control groups. Their performance turned out 
to be influenced more by nonverbal skills than language ability. From these studies, it was 
concluded that low-level auditory temporal processing deficits are neither necessary nor 
sufficient for causing language impairment in children. Instead, auditory processing was 
regarded to be a moderating variable, which exerts an effect on language development only in 
children who are already at genetic risk for LI.
Higher-level phonological processing deficits may be the central cause of children’s 
language and literacy problems (cf. Brady, 1997). In a series of studies by Studdert-Kennedy 
and his colleagues, it was found that frequency and amplitude characteristics of speech
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sounds instead of temporal perception were crucial for building adequate phonological 
representations. They claimed that perceptual deficits can be identified in children with 
language and literacy problems when these children are presented with synthetic speech, but 
not when they are presented with nonverbal auditory signals that have acoustic properties 
similar to the speech stimuli (Mody, Studdert-Kennedy, & Brady, 1997). With respect to 
literacy problems, they found that poor readers did not differ from a control group in 
discriminating nonverbal stimuli irrespective of how long the interstimulus interval. On the 
basis of these findings, they concluded that language-based dysfunction of these children was 
due to phonological problems and not so much to auditory perceptual problems.
From the present research evidence, it can tentatively be concluded that neither bottom-up 
nor top-down models have proven to be fully satisfactory. Given that both basic acoustic 
processing and higherlevel linguistic processing can make significant contributions to 
language development, interactive models, which take both sources of information into 
account, can be seen as more realistic. Neuroimaging studies may be better suited to the issue 
of continuity of language-related problems from lower processes to higher level dysfunction. 
Earlier neuroimaging findings suggest that there are at least basic perceptual and processing 
constraints that partially explain the etiology of SLI (see Leppanen, in press). However, so far 
no attempt has been made to study brain functioning by means of ERPs in infants at risk for 
language impairment.
Intervention studies, such as the one of Fast ForWord, can be seen as promising and 
highly relevant from a clinical point of view (see also Veale, 1999). Further research on the 
early identification and remediation of language impairment along this track seems to be 
mandatory. To start interventions during the critical early periods of language development, 
we are in need of prospective longitudinal studies examining developmental changes and 
maturation of infant brain responses to rapidly changing auditory cues and their relations to 
behavioral performance. From such studies, the development of reliable and valid 
measurement techniques for the early identification of children at risk for later language 
impairment could also be advanced.
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Does speech manipulation make word discrimination easier?4
Abstract
The effects of four different types of speech manipulation were tested on a group of 21 
Specific Language Impaired (SLI) kindergartners and a group of 24 Language Normal (LN) 
kindergartners. The four types of speech manipulation were: (1) normal speech; (2) normal 
speech with amplification of fast transitional elements up to 20dB; (3) speech lengthened by 
50%; (4) a combination of lengthening and amplification. Five different speech contrasts 
were tested. Natural speech was used. All participants were tested 12 times; 3 times for each 
manipulation. The SLI group performed worse than the LN group. The analysis of error 
percentages of subjects who performed above chance in the normal speech condition, showed 
effects of the different speech contrasts, but no effects of speech manipulation.
1 Introduction
A large body of research has been conducted on the relation between phonological 
awareness and learning to read. Strong support has been provided that lack of phonological 
awareness can cause beginning reading problems (Adams, 1990; Liberman & Shankweiler, 
1985). Being able to distinguish phonemes in a word is part of this awareness.
Especially children with Specific Language Impairment (SLI) have problems extracting 
the phoneme units from the stream of spoken language (Bishop, 1997). Discrimination 
experiments, in which participants have to indicate whether two stimuli are different or the 
same, are often used to test this ability.
More than twenty-five years ago, Tallal and Piercy (1973) found that if the time between 
two non-verbal stimuli was prolonged, or the stimuli themselves were stretched, an 
experimental group of 12 SLI children performed as well as other children on discrimination 
tasks. The same 12 SLI children also performed as well as other children in discriminating 
between synthetic vowel contrasts, but not in discriminating between the synthetic /ba/ and 
/da/ utterances (Tallal & Piercy, 1974). Tallal and Piercy (1974) suggested that SLI children 
have a central auditory processing problem which causes difficulty in processing fast 
transitional elements (in speech). In consonant-vowel stimuli like /ba/, there is a fast formant-
4 Reference: Segers, E., & Verhoeven, L. (in press). Does speech manipulation make word dicrimination easier? 
In L. Verhoeven, C. Elbro & P. Reitsma (Eds.), Precursors o f  functional literacy. Amsterdam/Philadelphia:
John Benjamins.
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transition between the /b/ and the /a/. If this fast transition is stretched from 43 msec to 95 
msec, the same 12 SLI-children from the previous experiments performed as well as other 
children (Tallal & Piercy, 1975).
In a follow-up experiment Tallal and Stark (1981) concluded that children with SLI 
discriminate poorly between syllables containing consonants, particularly stop consonants. 
They are not impaired in discriminating between syllables with different vowels. Different 
Inter Stimulus Intervals (ISI's) or artificial prolongation of fast formant transitions were not 
tested in this experiment. Reed (1989) used tests with different ISI’s and found that a longer 
ISI facilitated the discrimination task.
However, according to Mody, Studdert-Kennedy, and Brady (1997), the positive effects of 
formant transition lengthening reported by Tallal and Piercy (1975) have not yet been 
replicated. Frumkin and Rapin (1980) though, did test this on what they called dysphasic 
children. Twenty children were placed in three groups: seven in a group with normal 
phonological production, nine in a group with abnormal phonological production and four in 
a group with verbal auditory agnosia. Two children from the first group, five from the second 
group and two from the third group could not discriminate synthesized /ba/ and /da/ syllables 
with a 40 msec formant-transition. They did reach the criterion when the formant-transition 
was 80 msec.
In experiments reported by Tallal et al. (1996) and Merzenich et al. (1996) a speech 
modification algorithm was used, which not only slowed down the complete speech signal, 
but also amplified fast transitional elements up to 20dB. This algorithm was specifically 
designed to provide learning effects. Computer games containing modified sounds or speech 
signals were designed. Children in the 1996 experiments (Tallal et al., 1996; Merzenich et al., 
1996) who were trained for six weeks, 1.5 hours per day, showed great improvements in, 
among others, discrimination abilities. It was not tested whether slowing down or 
amplification separately would have provided similar results. Details of the speech 
modification algorithm were described by Nagarajan et al. (1998).
In discrimination experiments by Tallal and Stark (1981) the effect of slowing down fast 
formant transitions in speech was tested on different synthetic speech contrasts. To our 
knowledge, no similar experiment has been done to test the effects of (1) slowing down the 
complete speech signal, (2) amplification of fast formant transitions or (3) the effect of both 
slowing down and amplification. The purpose of the present study was thus to separate out
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the effects of slowing down speech and amplification of fast formant transitions on 
discriminating speech sounds, for both LN and SLI children.
2 Method
2.1 Participants
Twenty-one Dutch kindergartners (6 girls, 15 boys) who entered a special school for 
children with severe language and speech problems and a group of 24 kindergartners (14 
girls, 10 boys) from a regular school participated in the experiment. The age range of the 
children with language and speech problems was from 4 years 9 months to 6 years 7 months 
(average age: 67.5 months). The children had no hearing problems or other impairments. The 
language normal children were aged between 4 years 8 months and 5 years 6 months 
(average age: 60.3 months). None of the children in the two groups had been exposed to 
formal reading education yet.
As a control measure of mental ability, both groups of children were tested with the 
Coloured Progressive Matrices test (Raven, 1965). There were no differences between the 
two groups on the standard scores, (t(43) = .246, p  > .05).
2.2 Stimulus set
We chose five consonant contrasts, which are most difficult in a Dutch discrimination test 
(Verhoeven & Vermeer, 1986) according to Stoep and Verhoeven (2001). Contrasts on which 
the children had an error percentage of over 20% were:
/b/-/p/
/d/-/t/
/v/-/w/
/h/-/g/
/b/-/d/
Sixty pairs of meaningful Dutch consonant-vocal-consonant (CVC) words were chosen. 
Half of the pairs consisted of two equal words. The stimuli were recorded in an audio studio 
and spoken by a professional female speaker. Audio format was PCM, 22,050kHz, 16 bits, 
mono. All words in the stimulus set were recorded twice, to allow us to present for example 
/beer/-/beer/, by not using the same audio file twice.
Some SLI children have a deficit in processing stimuli in rapid succession. To make sure 
that this would not influence the results, we set the time between two words in a stimulus pair 
at 500 msec. The inter trial interval was 2000 msec. Each presentation of a stimulus pair was
103
Does speech manipulation make word discrimination easier?
preceded by a beep (1000 Hz, 200 msec) followed by a 1000 msec pause. The stimulus set is 
presented in the Appendix.
2.3 Speech manipulation
The words in the stimulus set were manipulated in several ways: slowed down, amplified 
or both. To enhance fast transitional elements in speech, an algorithm similar to the one 
described by Nagarajan et al. (1998) was designed (Boersma & Weenink, 1998). The authors 
agreed on the equality of both algorithms. A Pitch-Synchronous Overlap-and-Add (PSOLA) 
algorithm was used to lengthen the speech signal. We made four different presentations of 
each pair of words in the stimulus set:
1. normal speech (NS);
2. amplification of fast transitional elements up to 20dB (AM);
3. speech lengthened by 50% (LT);
4. a combination of (LT) and (AM):(LTAM).
In Figure 6.1 two oscillograms of the words /bAyk/ (belly) - /dAyk/ (dive) are presented. In 
the top half of the figure, the NS condition is presented in the lower half the AM condition, 
which clearly shows that the intensity of the signal is altered by the algorithm.
2.4. Procedure
Each child was tested twelve times; three times for each type of speech manipulation. One 
child for example was first tested in the NS condition, two days later with AM, then LT, then 
LTAM then NS again and so on. The twelve tests were conducted within seven weeks. 
Children had to make same-different judgements on each of the 60 word pairs. The pairs 
were presented to the child in random order.
The experiment was conducted in a quiet room inside the schools. The children wore a 
headphone (Monacor MD-4100); auditory stimuli were presented at a comfortable listening 
level. At the regular school, a Toshiba 310CDT laptop with Toshiba Soundblaster card was 
used, at the SLI school an IBM computer with a 16B card.
Subjects responded by pressing either of two buttons on a button box. The meaning of the 
two buttons was indicated by symbols. Near the button, which represented two different 
words, two differently shaped and colored symbols were shown; near the other button two 
symbols with the same shape and color were shown. Before each test, we made sure that the 
child understood the same-different concept.
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Figure 6.1: Oscillograms o f the word /bAyk/ (belly) - /dAyk/ (dive). In the top half o f the 
picture, normal speech is presented, in the lower half o f the figure, fast transitional elements 
are enhanced up to 20dB.
The experimenter could interrupt the test when she noticed that the child lost attention. 
Each test took 10 to 15 minutes, including a training of 8 easy-to-discriminate pairs before 
the actual test. Children, who did not understand the same-different concept or were not 
motivated enough, were excluded from the experiment. Of an initial group of 29 SLI- 
children, 21 were tested 12 times. No children from the normal school had to be excluded.
2.5 Analyses
Both error percentages and reaction times were analyzed, using the multivariate approach 
to the analysis of a repeated measures design (Maxwell & Delaney, 1990). The between 
subjects factor was School type (regular school or SLI). As within subjects factors, we used 
Speech manipulation (NS, AM, LT, LTAM) and Speech contrast (/b/-/p/, /d/-/t/,/v/-/w/, /h/- 
/g/, /b/-/d/).
Reaction times were measured from directly after the inter-stimulus-interval until the 
answer-button was pressed, since from the onset of the second word, a same-different 
decision can be made. Reaction times below zero and above 7 seconds (three standard
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deviations from the mean) were discarded. Reaction times were analyzed only for correct 
answers. To keep the results of all children in the analysis, differences in cell means of the 
reaction times were tested for significance. In comparing reaction times, we separately 
compared the two conditions where speech was lengthened and the two conditions where 
speech was not lengthened, to prevent lengthening to cause a main effect.
3 Results
3.1 All subjects
3.1.1 Error percentages
A between subjects effect of School type (F(1,43) = 14.245,p  < .01) indicates the 
difference between the regular and the SLI school: the SLI children have higher error 
percentages.
Multivariate tests of the error percentages showed a main effect of speech contrast 
(F(4,40) = 6.309, p  < .01). Paired samples t-tests group the contrasts /b/-/p/, /d/-/t/ and /v/-/w/ 
to be more difficult than /h/-/g/ and /b/-/d/ (with an exception for v-w and h-g after correction 
for significance level): (/b/-/p/, /d/-/t/: t(44) = .436, p  > .01; /b/-/p/, /v/-/w/: t(44) = 2.035, p  > 
.01; /b/-/p/, /h/-/g/: t(44) = 4.282, p  < .01; /b/-/p/, /b/-/d/: t(44) = 4.399, p  < .01; /d/-/t/, /v/- 
/w/: t(44) = 2.020, p  > .01; /d/-/t/, /h/-/g/: t(44) = 4.868, p  < .01; /d/-/t/, /b/-/d/: t(44) = 4.352, 
p  < .01; /v/-/w/, /h/-/g/: t(44) = 2.706, p  = .01; /v/-/w/, /b/-/d/: t(44) = 3.11, p  < .01; /h/-/g/, 
/b/-/d/: t(44) = .422, p  > .01). In general, voiced/voiceless contrasts prove to be more difficult 
than place-contrasts.
We also found an interaction of speech contrast and speech manipulation (F(12,32) = 
2.220, p  < .05). Further analysis of the interaction effect show that for the /h/-/g/ contrast, the 
normal speech condition (LN) causes less errors than the LTAM condition (t(44) = -4.971, p
< .001). This effect is hard to explain, since we only found an effect in this specific 
combination of contrast and speech manipulation.
3.1.2 Reaction times
Multivariate analysis of the reaction times showed a main effect of Speech manipulation 
when comparing normal and enhanced speech (F(1,42) = 4,428, p  < .05). Children reacted 
faster in the enhanced speech condition (AM). No effects were found when comparing 
delayed speech (LT) and delayed and enhanced speech (LTAM).
3.2 Subjects performing above chance 
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Part of the children performed at or below chance, so the task might have been too difficult 
for them, which may make the analysis unreliable. Using binomial tests (a = 0.05), we 
excluded subjects which performed at (6 regular, 9 SLI) or below chance (6 SLI). This left 17 
children in the regular group and 6 in the SLI group which performed above chance. The 
number of subjects who fail to perform above chance is in line with results from e.g. Tallal, 
Stark, Kallman and Mellits (1981). Their subjects varied in age between 5 and 9 years. 
Twenty out of 34 dysphasics failed to reach criterion on discrimination between /ba/, and /da/ 
(the least difficult contrast in our study). Four of the thirty-eight normal subjects had 
difficulties with the task. The larger percentage in our experiment can be explained by the 
fact that our subjects were young: in the study by Tallal et al. (1981), younger children 
performed worse than older children.
3.2.1 Error percentages
We did not find the between-subjects effect that was found in the analysis of the complete 
group. This can be explained by the fact that we now only had the well-performing children 
in the analysis. We also did not find the interaction effect, which was already an outlier in the 
first analysis.
We again found a main effect of speech contrast in the multivariate tests on percentages 
correct (F(4,18) = 4,346, p  < .05). Further analysis on the effect of speech contrasts again 
showed that /b/-/p/, /d/-/t/ and /v/-/w/ were more difficult than /h/-/g/ and /b/-/d/ (/b/-/p/, /d/- 
/t/: t(22) = -0.338, p  > .05; /b/-/p/, /v/-/w/: t(22) = .888, p  > .05; /b/-/p/, /h/-/g/: t(22) = 3.294, 
p  < .01; /b/-/p/, /b/-/d/: t(22) = 3.532, p  < .01; /d/-/t/, /v/-/w/: t(22) = 1.320, p  > .05; /d/-/t/, /h/- 
/g/: t(22)=3.840,p  < .01; /d/-/t/, /b/-/d/: t(22) = 3.850, p  < .01; /v/-/w/, /h/-/g/: t(22) = 2.163, p
< .05; /v/-/w/, /b/-/d/: t(22) = 2.868, p  < .01; /h/-/g/, /b/-/d/: t(22) = .813, p  > .05). 
Voiced/voiceless contrasts prove to be more difficult than place-contrasts. This result is 
found when taking all subjects in the analysis, or when only using subjects who perform 
above chance. The results are in line with the error-percentages in the Dutch discrimination 
test described in de method-section.
Figure 6.2 shows the error percentages of the group of subjects, which perform above 
chance.
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Figure 6.2: Mean error percentages o f the group o f children performing above chance. 
Reaction times
The analysis of the results of this group showed no effects on reaction times. The effect 
found in the analysis with the complete group of subjects can therefore be attributed to results 
of children that score at or below chance and is therefore less reliable.
4 Discussion
In this experiment we tested the effect of four different types of speech manipulation on 
discrimination ability of LN (language normal) and SLI (speech and language impaired) 
kindergartners in five different speech contrasts. A difference between the two groups of 
children was found. SLI kindergartners performed worse than LN kindergartners in all 
conditions.
When looking at error percentages of children performing above chance, we found 
differences in the five speech contrasts, which indicates that some contrasts are more difficult 
than others. No differences were found between the four speech manipulations.
There are several possible explanations that could lead to these results. First, the 
enhancement algorithm is meant to be a learning algorithm, which only has positive effects 
after intensive training. Second, we used natural speech instead of synthesized speech. 
Usually, synthesized speech is used in these kinds of experiments, because the stimulus set 
can be manipulated more easily. Differences between the speech conditions may therefore be
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larger in the traditional experiments, especially when fast transitional elements are enhanced. 
We still would expect an effect of slowing down the speech signal though. This was not 
found, neither in error percentages nor in reaction times. Slowing down the complete speech 
signal is not what was tested in earlier experiments, where only the fast transitional elements 
were slowed down. In the 1996 Science articles (Tallal et al. 1996; Merzenich et al. 1996), 
for the first time an algorithm is described that slows down the entire speech signal. In the 
Fast ForWord program, this algorithm is only used in part of the program. Maybe this part of 
the program is not what causes the positive effects. Leonard, McGregor and Allen (1992) 
mention that the difficulty for SLI children is the fast formant transition relative to the rest of 
the speech signal. When the entire signal is slowed down, the formant transition is still 
relatively fast compared to the rest of the speech signal. It then may be concluded that 
slowing down fast transitional elements is in line with enhancing these elements. Both 
manipulations emphasize the difficult part of the speech signal. This could be investigated in 
future research.
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Stimulus set (Dutch cvc-words)
Appendix
b-p d-t v-w h-g b-d
"isCO1"isCO<e 1. /dak/ -  /tak/ 1. /ver/ - /wer/ 1. /has/ -  /gas/ 1. /buk/ - /duk/
"isCO<ei"isCO<N 2. /tak/ - /dak/ 2. /wer/ -  /ver/ 2. /gas/- /has/ 2. /duk/ -  /buk/
b T b k/a/t1k/a/t
cn 3. /ver/ -  /ver/ 3. /gas/ -  /gas/ 3. /duk/ -  /duk/
C
O1CO 4. /dak/ -  /dak/ 4. /wer/ -  /wer/ 4. /has/ -  /has/ 4. /buk/ -  /buk/
5. /ber/ -  /per/ 5. /dop/ -  /top/ 5. /vol/ - /wol/ 5. /hut/ -  /gut/ 5. /bAyk/ - /dAyk/
6. /per/ -  /ber/ p/o/d1p/o/t6. 6. /wol/ -  /vol/ 6. /gut/ -  /hut/ 6. /dAyk/ -/bAyk/
7. /ber/ -  /ber/ 7. /dop/ -  /dop/ 7. /wol/ -  /wol/ 7. /gut/ -  /gut/ 7. /dAyk/ -  /dAyk/
8. /per/ -  /per/ 8. /top/ -  /top/ 8. /vol/ -  /vol/ 8. /hut/ -  /hut/ 8. /bAyk/ -  /bAyk/
9. /bot/ -  /pot/ 9. /dau/ -  /tau/ 9. /vat/ -  /wat/ 9. /hel/ -  /gel/ 9. /bres/ -  /dres/
10. /pot/ -  /bot/ 10. /tau/ -  /dau/ 10. /wat/ -  /vat/ 10. /gel/ -  /hel/ 10. /dres/ -  /bres/
11. /bot/ -  /bot/ 11. /dau/ -  /dau/ 11. /vat/ -  /vat/ 11. /gel/ -  /gel/ 11. /dres/ -/d res/
12. /pot/ -  /pot/ 12. /tau/ -  /tau/ 12. /wat/ -  /wat/ 13. /hel/ -  /hel/ 12. /bres/ - /bres/
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Computer supported phonological-awareness intervention for 
kindergartners with Specific Language Impairment
Abstract
Purpose: The study aimed to find out (1) To what extent are Dutch kindergartners with 
Specific Language Impairment (SLI) able to develop certain phonological abilities by 
working with an adaptive computer program? (2) Does speech manipulation as part of the 
instruction of phonological awareness using an adaptive computer program produce 
additional learning? Method: Twenty-four kindergartners with SLI received phonological 
awareness treatment via computer. Twelve children received intervention using normal 
speech, and 12 children received intervention using manipulated speech that stretches the 
signal and enhances fast transitional elements. A control group of 12 kindergartners with SLI 
played vocabulary games on the computer. Results: The results showed positive effects of the 
intervention for the normal speech group. Four months after training, the effect size was still 
substantial, although no longer significant. No additional effects of speech manipulation were 
found. After the intervention, the manipulated speech group did not differ from the normal 
speech group or the control group.
Clinical Implications: The present study shows that kindergartners with SLI can benefit from 
a short, intensive computer training for phonological awareness. The use of computer 
intervention can be seen as promising.
1 Introduction
SLI (Specific Language Impairment) is defined as a "delay in normal language 
development that cannot be explained in terms of mental or physical handicap, hearing loss, 
emotional disorder or environmental deprivation" (Bishop, 1992, pp. 3). Bishop and Adams 
(1990) and Bird, Bishop, and Freeman (1995) have pointed out the risk of later reading 
problems when children have severe language problems and recent meta-analysis have shown 
how an intervention by way of a phonological awareness training can facilitate the process of 
learning to read (Bus & Van IJzendoorn, 1999; Ehri, Nunes, Willows, Schuster, Yaghiub- 
Zadeh & Shanahan, 2001). It is therefore recommended that intervention should take place 
before the actual start of reading education.
1.1 Phonological awareness intervention
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Phonological awareness refers to the general ability to attend to the sounds of language as 
distinct from its meaning. Children’s awareness of the phonological structure of their 
language can be measured at a number of different levels (cf. Snow, Burns & Griffin, 1998; 
Goswami, 2000; Yopp & Yopp, 2000). These are the level of the word, the level of the 
syllable, the level of onsets and rimes, and the level of the phoneme. Tasks that measure word 
awareness assess children’s ability to tap the number of words in a sentence. Tasks that 
measure syllabic awareness assess children’s ability to detect constituent syllables in a word. 
Rhyming tasks measure children’s onset-rime awareness. Phoneme analysis tasks and 
phoneme synthesis tasks measure children’s phonemic awareness. Given the fact that written 
language is represented by the units of sound, phonological awareness can be seen as the key 
to understanding the logic of learning to read.
Bradley and Bryant (1983, 1985) demonstrated a causal connection between phonological 
awareness and reading. They also showed that phonological awareness could be trained and 
that such training helped children learn to read. Children in their study had however started 
formal reading education.
Another classic study in this area was conducted by Lundberg, Frost, and Peterson 
(1988). They studied the effects of an intervention in kindergarten. In their study, 
kindergarten teachers paid special attention to the phonological awareness of their students 
for 15-20 minutes per day throughout an entire school year. An effect of such training on the 
phonological awareness of the children at the end of kindergarten was found and also still 
present at the beginning of first grade.
Despite the research tradition in regular education (see Ehri et al. 2001 for a meta­
analysis), the efficacy of phonological awareness intervention for young children with SLI 
has not been well documented. Gillon (2000) has recently shown that phonological awareness 
can indeed be trained with children with spoken language impairment. In her study, a group 
of 61 children with spoken language impairment was divided into three groups. One group 
followed an integrated phonological awareness program consisting of 20 hours of one-on-one 
intervention by a specialist (i.e. two one-hour sessions a week for ten weeks). The program 
was designed to improve children's awareness of the sound structure of the spoken language, 
but an emphasis on the link between spoken and written language was also present. A second 
group received traditional one-on-one intervention by a speech-language pathologist, for the 
same amount of time. This intervention focused on the improvement of their expressive and 
phonological language skills in a phoneme-oriented approach, concentrating on having the 
child articulate target sounds in isolation, syllables, words, phrases, and sentences. A third
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group received minimal intervention (i.e. one session per month with a speech-language 
therapist who made recommendations for home and school activities). The children in the 
first group showed significantly more gains in their phonological awareness and reading 
development than the children in the other groups. The children in the first group also 
reached levels of performance similar to a group of 30 typically developing controls.
1.2 Computer supported intervention
The training programs considered above call for intensive human intervention. More 
recently, attempts have been made to determine how computer programs can help us train 
phonological awareness with primarily children at risk for reading problems and children in 
regular education, not children with SLI. Foster, Erickson, Foster, Brinkman, and Torgeson 
(1994) developed and studied the computer program Daisy Quest, which trains phonological 
awareness. The computer program taught: rhyming, recognizing beginning, middle, and 
ending sounds, word blending, and counting the number of sounds in words. Typical 
developing kindergarten children were trained for 6.5 hours in a first experiment and for 4.9 
hours in a second experiment. The children were allowed to use the computer every day, and 
each training session took 20 to 25 minutes. The control group did not have access to any 
computer program. The experimental group outperformed the control group on tests of 
phonological awareness after the training period in both experiments. The tests directly 
assessed each of the skills trained in the computer program. Barker and Torgesen (1995) used 
the computer in yet another study to train 54 first graders who were at risk for reading 
problems. One control group received training on alphabetic decoding skills and a second 
control group received math training by computer. Both control groups made less progress 
then the experimental group on several measures of both phonological awareness and word 
recognition.
Reitsma and Wesseling (1998) used the computer to train typical developing 
kindergartners on one aspect of phonological awareness — the blending of letter sounds into 
words — during a 12-week period. The total amount of training time was 3.5 hours. One 
control group received vocabulary training on the computer, and one control group received 
no computer training. While the blending skills of all the children improved, the progress 
made by the trained group was significantly larger than that made by the control groups. A 
transfer effect of the blending training to decoding skill was also found to occur after a few 
months of beginning reading instruction.
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Mioduser, Tur-Kaspa, and Leitner (2000) trained children at risk for reading problems. 
They compared groups receiving early reading instruction for special education with or 
without computer support to a control group who received no specific reading instruction.
The reading training went from beginning reading instruction (letter recognition, auditory 
perception etc.) to more formal reading training. The computer version presented game-like 
exercises with several levels of difficulty, following the reading instruction program. Forty- 
six children between five and six years of age were divided into three groups. At post-test, the 
computer group outperformed the other groups on, among other measures, a combined 
measure of phonological awareness. One should keep in mind that the positive results found 
for the children in the computer group may be due to the extra motivation working with a 
new kind of tool provides. The training on the computer was also adaptive (the teacher 
selected the games the children played and the level of difficulty), which makes it better 
suited to individual children than the control training.
1.3 Effects o f speech manipulation
Tallal et al. (1996) were, to our knowledge, the first to study the effects of computer 
training with manipulated speech as an additional feature. A long research tradition has 
shown that children (with SLI) have difficulty in processing brief, rapidly successive acoustic 
cues in verbal stimuli (Tallal & Piercy, 1974; Tallal, Stark, Kallman, & Mellits, 1980a; Tallal
& Stark, 1981; Reed, 1989; Leonard, McGregor, & Allen, 1992), and that this difficulty can 
be overcome by lengthening the fast formant transitions in the speech signal (Tallal & Piercy, 
1975; Frumkin & Rapin, 1980; Tallal, Stark, Kallman, & Mellits, 1980b; Alexander & Frost, 
1982; Stark & Heinz, 1996). An overview of this research was provided by Verhoeven & 
Segers (in press).
Tallal et al. (1996) designed a computer program that made use of manipulated speech for 
the treatment of children with SLI. Their experimental group consisted of children with SLI, 
in contrast to the computer studies described in the previous section. Eleven children with 
SLI (average age 7;4 years) received the training with modified speech and 11 control 
children with SLI received the same training without modified speech. The children received 
extensive training: 100 hours across a four-week period. After training, the children in the 
experimental group showed higher learning gains than the children in the control group on 
such tasks as following auditory commands, speech-sound discrimination, morphology and 
syntax, and speech articulation.
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The question is whether the learning gains can be completely ascribed to the computer 
program with manipulated speech. Bishop (1997) and Rice (1997) have suggested that other 
aspects of the games under consideration may explain the observed gains, such as direct 
clinician-to-client interaction or additional listening homework. However, this still does not 
explain the difference between the control and trained group in the study desribed above. As 
Tallal, Miller, Jenkins and Merzenich (1997) explain, "the modified speech group played 
temporally adaptive computer games presented auditory, whereas the normal speech group 
worked for the same period of time on memory and attention games presented visually" (p. 
61). This suggests that the trained versus control groups differed with regard to not only the 
speech manipulation but also on the kind of games they were exposed to.
Habib, Espesser, Rey, Giraud, Bruas, and Gres (1999) conducted an intervention study 
with 12 French-speaking phonological dyslexic children. Six were trained with acoustically 
modified speech, and six were trained without modified speech. At post-test, the modified 
speech group outperformed the normal speech group on phonological awareness tests similar 
to the ones used during the intervention. The study by Habib et al. appears to demonstrate the 
additional effects of speech manipulation. However, the subjects involved were children with 
dyslexia and not children with SLI. Moreover, their speech manipulation was different from 
the speech manipulation used by Tallal and colleagues: Habib et al. (1999) amplified unstable 
portions and particularly the consonant-vowel transitions and then slowed the speech signal 
down by a constant factor (up to 2). Tallal and colleagues, in contrast, first slowed the speech 
signal down and then enhanced the fast formant transitions (Nagarajan et al., 1998).
In a special forum on Fast ForWord (Friel-Patti, Frome Loeb & Gillam, 2001; Friel-Patti, 
DesBarres & Thibodeau, 2001; Frome Loeb, Stoke & Fey, 2001; Gillam, Crofford, Gale & 
Hoffman, 2001; Thibodeau, Friel-Patti & Brit, 2001; Marler, Champlin & Gillam, 2001; 
Gillam, Frome Loeb & Friel-Patti, 2001), it was concluded that the evidence for the 
effectiveness of Fast ForWord is weak and does not meet scientific standards of evidence. In 
this light, the study by Gillam, Crofford, Gale, and Hoffman (2001) is especially interesting 
although only a case study with two children per condition. They compared children 
receiving the standard Fast ForWord intervention with children receiving equally intensive 
treatment using another computer program and found significant learning gains for the 
children in both conditions in several domains of language. Gillam, Frome Loeb, and Friel- 
Patti (2001) speculate that Fast ForWord may affect some specific aspects of language: "It is 
likely that children's phonological processing and phonological awareness abilities improve 
after training with FFW." (p.271).
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1.4 The present study
The research presented above shows that phonological awareness can be trained in 
kindergarten, and that this intervention facilitates the process of learning to read. Children 
with SLI are at risk for later reading problems (Bishop & Adams, 1990; Bird, Bishop, & 
Freeman, 1995), and could therefore benefit from such an intervention. The effects of 
phonological awareness intervention on the language development of children with SLI have, 
however, hardly been studied. Gillon (2000) showed that children with spoken language 
impairment can benefit from such treatment. Computer interventions proved to be a 
promising tool for intervention, and Tallal et al. (1996) showed children with SLI to benefit 
from an extensive computer intervention using manipulated speech. Thus far, the exclusive 
contribution of speech manipulation to phonological awareness treatment using the computer 
has not been studied. It would, for example, be interesting to know if the two children trained 
using a different computer program in the study by Gillam, Crofford, Gale, and Hoffman 
(2001) would have made extra learning gains when presented with manipulated speech. As 
the findings now stand, differences between the two computer programs beyond the speech 
manipulation feature may be responsible for the results.
In the present study, the added value of speech manipulation as used in the Fast ForWord 
program was therefore investigated in a pre-test/post-test intervention design. The extent to 
which kindergartners attending a school for children with severe language delay developed 
certain phonological abilities by working with a computer program and not having the 
assistance of a speech therapist was also explored. This way, the exclusive contribution of 
computer intervention to the language development of the children can be measured. Three 
groups of children received computer treatment: two experimental groups were given 
rhyming and phoneme synthesis intervention either with or without manipulated speech and a 
control group was given vocabulary intervention.
In the Netherlands, there are special schools for children with language and speech 
problems. Children who enter these schools are clinically diagnosed as having Specific 
Language Impairment. In kindergarten, they are at least one year behind in their language 
development as compared to age-matched peers. Children with hearing problems may also 
attend these schools, but they were excluded from the present experiment. Only 0.6% of 
Dutch children attend such schools. The situation in The Netherlands is comparable to that in 
the United Kingdom where less than 1% of the children are diagnosed with SLI (Conti-
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Ramsden & Botting, 2000), while the estimated prevalence is 5% (Law, Boyle, Harris, 
Harkness, & Nye, 1998).
The specific research questions were as follows: (1) To what extent are Dutch 
kindergartners with SLI able to develop their phonological awareness by working with an 
adaptive computer program? (2) Does speech manipulation as part of the instruction of 
phonological awareness using an adaptive computer program produce additional learning?
2 Method
2.1 Subjects
All subjects followed a kindergarten program in special schools for children with Specific 
Language Impairment. SLI was diagnosed by an interdisciplinary team consisting of clinical 
linguists and school psychologists in case a child failed to develop language normally for no 
apparent reason: hearing and intelligence are adequate and the social environment is 
unexceptional (cf. Bishop, 1994). All kindergartners who were supposed to go to first grade 
in the next school year were selected. None of the children had received formal reading 
education yet, and the children came from a total of five different classrooms in two special 
schools.
The group consisted of 31 boys and 5 girls. It is common to see more boys than girls in an 
SLI population (Robinson, 1991). The average age at the start of the experiment was 68.97 
months (age range 58 - 81 months). When the children entered the special school, they were, 
among others, tested for hearing and intelligence: by means of audiological assessment (air 
conduction audiometry) no significant hearing loss was evidenced (< 30 dB); by means of 
standardized intelligence testing a level of normal intelligence (IQ above 85) was determined. 
Although the intelligence of the children was tested before they entered the special school, 
the Raven Coloured Progressive Matrices (Raven, 1965) was nevertheless administered as a 
control measure. The average centil score (i.e. the mean percentage of children of the 
population at large scoring at or below this number) for the subjects was found to be 45.67.
Based on their age, their Raven score and their scores on five phonological awareness 
tests (see the next section), the children were divided into three groups with 12 children in 
each group. Experimental group one consisted of 2 girls and 10 boys (average age 68.75 
months, average Raven score 45.25), experimental group 2 also consisted of 2 girls and 10 
boys (average age 70.50 months, average Raven score 46.25), and the control group consisted 
of 1 girl and 11 boys (average age 67.67 months, average Raven score 45.50). To compare 
the groups with respect to their phonological awareness, the combined z-scores for these tests
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were computed. It was decided to use z-scores because the tests have different numbers of 
items. Furthermore, a combined variable has been shown to be a more reliable measure of 
phonological awareness (Bishop, 1994). Univariate analysis of variance with Group as the 
between subjects factor showed no significant pre-test differences between the groups with 
respect to age (F(2,33) = .69, p  = .51, n2 = .04), Raven score (F(2,33) < .01, p  > .99, n2 < .01), 
or phonological awareness (F(2,33) = .32, p  = .73, n  = .02).
2.2 Pre- and posttests
Pre- and post-tests of phonological awareness were administered by the first author of this 
paper, who is qualified and experienced in testing young children (with SLI). The tests were 
administered in one session per child, always in the same order. The items measured in the 
tests were not explicitly trained in the intervention.
Phonological awareness was operationalized according to the definition given in the 
introduction. Separate tasks were administered measuring aspects of word awareness, syllabic 
awareness, onset-rime awareness, and phonemic awareness.
• For word awareness, a task was administered in which a series of sentences had to be 
analyzed into separate words (Verhoeven & Van Kuyk, 1991). This task consisted of four 
training sentences during which the child received feedback, and ten test sentences. 
Children had to repeat a sentence read by the experimenter and then tap with a pencil on 
the table once for every word. Sentences included multi-syllabic words.
• For syllabic awareness, a task was administered in which children had to synthesize 
words by combining separate syllables (Verhoeven, 1987). The syllable synthesis task 
consisted of 20 words of increasing difficulty (from two-syllabic to five-syllabic words). 
Children had to synthesize the words presented by the experimenter in syllables into 
complete words. The test was broken off when a child could not synthesize five words in 
succession.
• For onset-rime awareness, we used a rhyming task that consisted of two training and ten 
test items (Verhoeven & Van Kuyk, 1991. Children had to name four pictures and were 
helped by the experimenter if they did not know a word. Then the experimenter presented 
a new picture and said: "This is a ..., which of the four pictures rhymes with ...".
Children had to select the rhyming picture out of the four options. Distracters included 
semantically related pictures.
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• As a measure of phonemic awareness, we used separate tasks for phoneme analysis and 
phoneme synthesis (Verhoeven, 1987). In the phoneme analysis task, words had to be 
analyzed into separate phonemes. The task consisted of 4 training words and 20 test 
words of increasing difficulty (starting with consonant-vocal words). Children had to 
analyze the words presented by the experimenter into separate phonemes. The test was 
broken off when a child could not analyze five words in succession, in order to keep the 
child motivated. In the phoneme synthesis task, children had to synthesize words by 
combining separate phonemes. The task consisted of 20 words of increasing difficulty 
(from two to six phonemes). Children had to synthesize the words presented by the 
experimenter in phonemes into complete words. The test was broken off when a child 
could not synthesize five words in succession.
All tests yielded Cronbach's alpha values greater than .83, indicating a high internal 
consistency.
2.3 Computer program used for the intervention
The computer program used in the experiment was an educational software program, 
which the authors developed with support of the Dutch Ministry of Education (Schatkist met 
de muis, 1999), aiming at the emergent and beginning literacy skills of kindergartners. At the 
time of the present study, it was one of the few educational software packages available in the 
Netherlands focusing on phonological awareness that (1) included speech that could be 
manipulated by the researchers, (2) did not include distracting entertainment elements and (3) 
provided enough training material for 3,5 hours. The two experimental groups worked with 
the rhyming and synthesis part of the program; the control group worked with the vocabulary 
acquisition part of the program. During the course of the intervention, all children received 
equal classroom instructions on phonological awareness. Although teachers reported 
phonological awareness not to be a special point of interest during the intervention, it was not 
a topic that was avoided on purpose either.
2.3.1 Experimental intervention.
The intervention consisted of the "Rhyming and Synthesis game" from the computer 
program, which consists of ten different games. This module of the software was adaptive in 
the sense that children only received a more difficult game when an error percentage under 
20% was achieved on the previous game.
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The intervention alternated between rhyming and synthesis games. The adaptivity was 
separate for these two types of games, which means that a child could be performing at the 
most difficult level for rhyming but still at the first level for synthesis. Table 7.1 provides an 
overview of the different kinds of games.
Table 7.1: "Rhyming and synthesis” games.
Rhyming Synthesis
1. Rhyming, with picture support 7. Synthesis of onset and rhyme, with picture
support.
2. Rhyming ,without picture support 8. Synthesis of onset and rhyme, without
picture support.
3. Rhyme within a sentence, with picture 9. Synthesis of three separate phonemes, with
support picture support.
4. Rhyme within a sentence, without picture 10. Synthesis of three separate phonemes,
support without picture support.
5. First phoneme matching, with picture
support.
6. First phoneme matching, without picture
support.
The Appendix contains screen examples and greater explanation of the games. Each game 
had three sets of five exercises, increasing in difficulty. When a child had problems with
more than one of the exercises from a set, the same game with the same set of exercises was 
presented to the child when he or she — automatically — returned to this game. When the 
child had no problems with a certain set, a more difficult set was presented to the child when 
he or she returned to this game. Once all of the sets were completed, the program would start 
to repeat earlier sets. Only a few children completed all of the sets and games in the fourteen 
sessions.
The computer program provides feedback on each action performed by the child. Help is 
offered when the child gives an incorrect answer for the second time. The correct answer is 
highlighted by having large green arrows point at it. When the child still does not click on the 
right answer, the computer program takes over mouse control and gives the right answer. In 
such a manner, the child never gets "stuck" in the program. The child can also ask for help by 
clicking on a figure at the bottom of the screen.
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2.3.2 Speech manipulation.
The two experimental groups both received phonological awareness treatment. 
Experimental group 1 received normal speech intervention. For experimental group 2, the 
speech in the computer program was manipulated in the same way as in the Fast ForWord 
program. At first, the speech was slowed down by 150% by means of a Pitch-Synchronous 
Overlap-and-Add (PSOLA) algorithm. Then the fast transitional elements in the speech were 
enhanced up to 20dB using an algorithm similar to the one described by Nagarajan et al.
(1998) (Boersma & Weenink, 1998). The equality of the two algorithms was established 
during a working visit and through e-mail communication between Nagarajan and Boersma.
As in Fast ForWord, the amount of speech manipulation decreased as the intervention 
proceeded. Experimental Group 2 received four sessions with maximum speech 
manipulation, followed by four sessions in which the speech was not delayed but 
enhancement was up to 20dB, three sessions with enhancement up to 10dB, and finally three 
sessions with normal speech.
2.3.3 Control group intervention.
The control group listened to a story on the computer and answered questions requiring 
them to point at the objects on the screen. After they had listened to the story, four different 
story settings were presented with ten sets of five questions each (e.g. "Can you point at the 
table in the kitchen?"). The program provided both rewarding audio and visual feedback.
Five lollipops on top of the screen turned green, yellow, or red depending on the number of 
times it took to answer each question correctly.
2.4 Procedure
The pre-tests were administered directly after the fall break. Children had been in school 
for about ten weeks after the summer-holidays by then. The administration took about two 
weeks.
Directly following the pre-tests, all of the children were seen for a total of fourteen 
sessions. They worked with the computer program two or three times a week for a period of 
fifteen minutes across five weeks. The intervention took place in groups of three: three 
children were randomly taken out of the classroom for a computer session each time (one 
child from experimental group 1, one child from experimental group 2 and one child from the 
control group). They were seated in a separate room with three laptop computers, placed in
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such a way that the children could only see the computer screen of the laptop they were 
working on.
The experimenter made sure that the children paid attention to the computer program, by 
not allowing the children to start looking around and intervening when they were staring at 
the screen instead of working with the software. During the sessions, the experimenter also 
watched what the children were doing on the computer, gave motivational signs (thumps up) 
when they were actively involved in working with the program, and helped when the children 
did not know what to do. The computer program was, however, designed in such a way that 
instruction prior to training was not necessary. On occasion, a child did not understand the 
purpose of an exercise, which was then explained by the experimenter. No instruction on 
phonological awareness was given. After each session, the children were rewarded with a 
sticker to place on their own "computer card". After the fourteen sessions, the computer card 
was full and could be taken home. During the intervention, the children were very 
enthusiastic about the program and always willing to leave the classroom.
Post-tests were administered in the weeks directly following the intervention, just before 
the Christmas holidays. They included the same five phonological tests as at pre-test. Four 
months after the intervention, the post-tests were again administered, to investigate possible 
long-term intervention effects.
By means of univariate analysis of variance with Group as the between-subject factor and 
phonological awareness as the dependent variable the experimental effects were examined 
immediately after the intervention, and the retention effects four months after the 
intervention. Following Bishop (1994), a combined phonological awareness measure was 
computed as the average z-score on the five phonological awareness tasks being 
administered. Difference z-scores on the phonological awareness tasks under consideration 
were taken as the dependent measure (see also Tallal, et al., 1996). Post-hoc analyses were 
conducted to explore the differential experimental effects.
3 Results
Table 7.2 presents the mean scores for each group on the phonological awareness tests at 
pre-test and both post-tests.
A univariate analysis of variance with Group as the between-subjects factor on the 
difference z-scores (z-scores post-test minus pre-test) for the combined test results showed a 
main effect of Group directly after intervention (F(2,33) = 3.34, p  = .05, n2 = .17). Post-hoc
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Table 7.2: Mean pre- and post-test raw scores and standard deviations for the three groups 
on phonemic awareness tasks. Experimental group 2 received treatment with manipulated 
speech, experimental group 1 without manipulated speech.
control group experimental group 1 experimental group 2
pre-test post-
test1
post-
test2
pre-test post-
test1
post-
test2
pre-test post-
test1
post-
test2
rhyme task 5.0 5.8 6.9 5.2 7.1 8.1 5.1 6.6 7.8
(3.9) (3.8) (3.7) (3.5) (4.3) (2.8) (3.5) (3.2) (3.5)
word 2.5 2.7 2.5 2.5 3.2 3.8 2.8 3.3 3.4
analysis (1.8) (1.6) (1.4) (1.6) (1.5) (1.4) (1.4) (2.0) (1.7)
phoneme 0.0 0.0 1.00 0.3 0.9 1.5 0.3 0.3 0.8
analysis (0.0) (0.0) (3.0) (0.9) (1.8) (2.4) (0.5) (0.7) (1.2)
syllable 12.4 16.6 18.1 12.4 16.5 19.2 15.7 17.8 19.1
synthesis (7.7) (3.9) (4.3) (6.7) (5.5) (1.4) (3.2) (5.4) (1.1)
phoneme 0.3 0.4 1.2 0.7 2.3 2.5 0.3 2.1 2.9
synthesis (0.5) (0.7) (2.2) (0.9) (3.2) (3.2) (0.4) (2.1) (3.2)
analysis with Bonferroni correction showed that this difference can be attributed to a 
difference between the experimental group that received normal speech intervention and the 
control group (p = .05, d  = 1.16). The manipulated speech group did not differ significantly 
from the normal speech group (p = .40, d  = .60) or the control group (p = .94, d  = .41)
Four months after intervention, the phonological awareness tests were administered again, 
and again the difference z-scores were computed (post-test 2 minus pre-test). This time, there 
was no effect of Group (F(2,33) = 1.56, p  = .23, n  = .09). The effect-size of the intervention 
for the normal speech group versus the control group was, however, substantial (p = .28, d  = 
.66). Figure 7.1 visualizes the results.
4 Discussion
The present study shows that kindergartners with SLI can benefit from a short, intensive 
computer intervention for phonological awareness. Three groups of 12 children worked with 
a computer program fourteen times during 15 minutes across a period of five weeks. One 
experimental group received phonological awareness intervention while listening to normal
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Figure 7.1. Difference z-scores ofpost-test 1 - pre-test (directly after intervention) and post­
test 2 - pre-test (four months after intervention) for the control group (n =12), experimental 
group 1 (normal speech, n = 12), and experimental group 2 (manipulated speech, n = 12).
speech. The other experimental group listened to manipulated speech, in which the speech 
was delayed and fast formant transitions were enhanced. The speech became less 
manipulated during the course of the intervention. The control group also used the computer, 
but worked with vocabulary exercises instead.
Positive treatment results were found for the difference z-scores of the combined 
phonological test results in the normal speech experimental group. The positive results were 
no longer significant four months after completion of the intervention, but the effect size of 
treatment of the normal speech group as compared to the control group (d = 0.66) can still be 
called substantial (Cohen, 1988) and is comparable to results from other studies. In their 
meta-analysis, Ehri et al. (2001) found an average effect size of d  = 0.61 for phonological 
awareness intervention when length of instruction was small as in our study. For computer 
treatment of phonological awareness, they reported an average effect size of 0.66. Tallal et al. 
(1996) and Habib et al. (1999) did report significant long-term effects of the intervention, 
however, in their study children were re-tested respectively six and four weeks after
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completion of the intervention, whereas in the present study, there was a period of four 
months between intervention and retest.
Speech manipulation did not produce an additional effect on the intervention, as the 
children in this group did not differ significantly from the experimental group with normal 
speech treatment or the control group. These results could be explained by several factors.
First, the intervention time with manipulated speech in our study was far less than the one 
provided by Tallal et al. (1996): 3.5 hours versus 100 hours in a five versus four week period. 
That is, the effects of speech manipulation may only become visible after many hours of 
intensive treatment because new neural pathways must be formed or existing pathways have 
to be strengthened (cf. Verhoeven & Segers, in press). Habib et al. (2000) provided a less 
intensive intervention of 25 hours over a five weeks period, but they studied children with 
reading problems and not SLI. Also, the children in the present study were all kindergartners, 
with an average age of 5,9 years, whereas children in the study by Tallal et al. had an average 
age of 7,4 years and children in Habib et al's study were about 11 years of age. Age 
differences might also be responsible for differential effects of speech manipulation.
Another explanation is based on what was already mentioned in the introduction of this 
article. In the study by Tallal et al. (1996), the experimental groups differed on more than just 
speech manipulation, which means that speech manipulation may not be the deciding factor 
for the successful treatment of phonological awareness. Other factors such as direct clinician- 
to-client interaction, additional listening homework or a difference in intervention games 
between experimental and control group may have been responsible for the reported learning 
gains. The experimental groups in the study by Habib et al. (1999) only differed in speech 
manipulation, so in this study, only speech manipulation seems to be responsible for the extra 
learning gain. However, in their study, the subjects were children with dyslexia and not 
children with SLI.
The third explanation for not finding additional effects of speech manipulation is the fact 
that in our intervention only natural speech was used. In FFW, part of the intervention is 
based on synthetic speech and acoustic games (Merzenich et al., 1996) and (a larger) part on 
natural speech (Tallal et al., 1996). Children are adaptively guided through the FFW program 
and work with the synthetic speech and acoustic part until they have reached a certain level. 
When that level is reached, several games using natural manipulated speech can be played. 
The positive effects of FFW reported by Merzenich et al. (1996) are solely based on the 
synthetic speech part. The positive results by Tallal et al. (1996) are based on a combination 
of the synthetic speech part and the natural speech part. Segers and Verhoeven (in press)
127
Computer intervention SLI
found no effects of speech manipulation when using natural speech in a discrimination task 
and speech manipulation seemed to suppress the intervention results in the present study. One 
could hypothesize that the manipulation of the speech signal may only yield additional results 
for SLI's when used in a synthetic speech and acoustic sounds environment. The consequence 
would be that only the first part of the FFW program is responsible for the additional learning 
effects due to speech manipulation. More research is needed in this area, also to find out why 
in the study by Habib et al. (1999) positive effects were found in a natural speech 
environment for older children with dyslexia.
More research is needed to uncover the important roles that technology can play in 
language intervention. Well-controlled experimental studies can help us forward in validating 
new methodologies for the remediation of developmental language problems. With respect to 
the clinical practice, the intervention study presented in the present article can be seen as 
promising. Our study is the first to show that a group of kindergartners attending a special 
school for children with speech and language problems can develop phonological awareness 
by working with a computer program with very little assistance and without extra 
intervention from speech therapists or other specialists. Because of the small size of the 
experimental groups, one should, however, be cautious to generalize the results to the 
population at large. In order to further our knowledge there is an urgent need of follow-up 
studies with larger groups of subjects focussing on (1) the effects of more intensive 
intervention with manipulated speech, (2) the long-term effects of computer intervention with 
and without manipulated speech, and (3) the difference between interventions using synthetic 
vs natural speech. In future studies the impact of individual differences in intervention effects 
should also be recognized. Given the substantial standard deviations we find in our present 
study, it seems essential to uncover the complex interaction between child characteristics and 
intervention alternatives. As such, the heterogeneity of children with learning problems such 
as SLI can be seen as a challenge to search for multifaceted and multicomponent 
interventions using information and communication technologies.
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Appendix: Screen examples
(a) Example of game 1: find the two rhyming 
pictures (voet-hoed (foot, hat)). The same 
screen is used for game 6: find the set of 
pictures with the same initial phoneme. The 
three word sets are auditory presented to the 
child and could also be heard again by resting 
the mouse pointer on a set of pictures.
of computer intervention.
(b) Example of game 2: find the funny man 
who can rhyme. Each funny man presents the 
child with one word set. The three word sets 
are automatically presented to the child and 
could also be heard again by resting the mouse 
pointer on a funny man. When a funny man 
says something, he moves his lips, so the child 
knows which man is speaking.
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(c ) Example of game 8: What did the bunny 
say? (e.g. m-oon), or, in game 10: m-oo-n.
The same screen but without the bunny is used 
for game 4.
The bunny says a word in pieces, automatically 
followed by three different words represented 
by the three little figures. One of the three 
words is the same as the word spoken by the 
bunny, but not in pieces.
(d) Example of game 9: the clown says m-oo-n, 
the black dots below the clown fill up at the 
moment a phoneme is being spoken. Then the 
computer automatically presents the words 
represented by the pictures. The child has to 
find the correct picture The same screen 
without the black dots is used for game 7.
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kindergartners with SLI
Abstract
In the present study, it was investigated whether kindergartners with specific language 
impairment (SLI) and normal language achieving (NLA) kindergartners can benefit from 
slowing down the entire speech signal or part of the speech signal in a synthetic speech 
discrimination task. Subjects were 19 SLI kindergartners and 24 NLA controls. Results show 
both types of speech manipulation to positively influence word discrimination. The SLI 
children perform equally as well as the NLA children in the two manipulated speech 
conditions but show more difficulties in the normal speech condition.
1 Introduction
Kindergartners diagnosed with Specific Language Impairment (SLI) do not have normal 
language development and the impairment cannot be ascribed to hearing problems or any 
other known physical or mental handicap (Bishop, 1992). The focus of the present article is 
on a particular problem encountered by these children, namely the identification and 
discrimination of auditory stimuli (Bishop, 1997; Leonard, 1998). Tallal and Piercy (1974) 
have shown such children to encounter particular difficulties with the discrimination of 
synthetic speech stimuli containing a fast formant transition, such as /ba/ and /da/. Tallal and 
Stark (1981) have further shown the problems of SLI subjects to be most salient for the 
discrimination of syllables containing brief temporal cues rapidly followed by other acoustic 
cues. Subjects could discriminate brief vowels but not /ba/ and /da/ with formant transitions 
as brief as the vowels with a vowel directly following the formant transition. These findings 
have also received support from studies by Reed (1989), Tallal, Stark, Kallman, and Mellits 
(1980), and Leonard, McGregor, and Allen (1992).
Although the aforementioned studies differ with regard to subject population, method, 
and data analysis (cf. Verhoeven & Segers, in press), the results clearly show the severe 
language problems in question to be related to "rapid perception problems." Following 
Bishop (1997, p.69), we speak of "rapid perception problems" rather than "temporal 
processing problems" as the latter term is subject to considerable debate with regard to 
whether or not the problem is speech specific or not (e.g., Studdert-Kennedy & Mody, 1995; 
Nittrouer, 1999). Identification of the exact origin of the problem is however beyond the
Effects of lengthening the speech signal on auditory word discrimination in
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scope of the present article, which is concerned with those speech manipulations that enable 
SLI subjects to discriminate between such stimuli as /ba/ and /da/.
Tallal and Piercy (1975) found that when the fast formant transition between the stop 
consonant and the vocal was lengthened by 200%, the SLI subjects no longer differed from a 
control group of normal achievers. Frumkin and Rapin (1980), Alexander and Frost (1982), 
and Stark and Heinz (1996) found similar positive effects of such lengthening. However, no 
significant effects of lengthening the fast formant transition were reported by Blumstein, 
Tartter, Nigro, and Statlender (1984) or Riedel and Studdert-Kennedy (1985) who explored 
the effects of speech manipulation on adult aphasics as opposed to language-impaired 
children. Based on these results, one can hypothesize that adults are no longer sensitive to the 
support of speech manipulation. Bradlow, Kraus, Nicol, McGee, Cunningham, Zecker, and 
Carrell (1999) also found no effects of slowing down the fast formant transition for a 
population of children with learning problems. The problems encountered by these children 
were probably too diverse to benefit from such speech manipulation, however.
The above studies show SLI children to clearly benefit from the lengthening of fast 
formant transitions. Slowing down this part of the speech signal enables them to detect the 
separate sounds within the rapid stream of spoken language, which is important for the 
development of phonological awareness and thereby strongly related to reading (Bus & Van 
IJzendoorn, 1999; Ehri et al., 2001). That is, children with phonological awareness problems 
are at risk for problems with learning to read. The development of a training program 
including the speech manipulation described in the above studies for use with SLI children 
was therefore the next logical research step.
In 1996, Tallal et al. implemented a commercially available software-program Fast 
ForWord (FFW). In this program, the fast formant-transitions are enhanced up to 20dB and 
the entire speech signal is slowed down (Nagarajan et al., 1998). Large learning gains have 
been demonstrated, but whether the results can be completely ascribed to the computer 
program or not is open to debate (Bishop, 1997; Rice, 1997). The follow-up studies by 
Merzenich, Tallal, and colleagues showing learning gains for children working with the 
computer program have also been subject to criticism, including failure to include a control 
group and inadequate subject selection criteria (Gillam, 1999).
Segers and Verhoeven (in press) have also recently noted that the speech manipulations 
used in Fast ForWord have never been explicitly tested in scientific research. While 
Merzenich et al. (1996) and Tallal (2000) cite evidence for the positive effects of enhancing 
fast formant transitions from research on adult monkeys (Merzenich & Jenkins, 1995), no
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explanation is provided for the positive effects of slowing down the entire speech signal. In 
fact, slowing down the entire speech signal is in contrast to a hypothesis raised by Leonard et 
al. (1992), who has suggested that it is the relative speed of the formant transition in relation 
to the remainder of the speech signal that makes such discrimination difficult for SLI 
subjects. When the entire signal is slowed down, as in FFW, the relative speed of the formant 
transition is still the same and thus maybe still problematic.
Segers and Verhoeven (in press) tested whether children could better discriminate when 
the speech was not manipulated, 200% delayed, 200% delayed with enhanced fast formant 
transitions, or only the fast formant transitions were enhanced. No differences between the 
four types of speech manipulation were found, which led Segers and Verhoeven to suggest 
that speech manipulation may only have positive effects when synthetic speech is involved. 
The quality of allophonic speech, as used in Tallal and Piercy's early experiments (1974, 
1975), is low and the fast formant transition is the only factor to discriminate between the 
utterance of /ba/ versus /da/. In natural speech, more than the fast transitions alone may make 
it possible for a child to discriminate between two utterances.
The preceding still leaves us with the question of whether, in the case of synthetic speech, 
it is more beneficial to slow the entire speech signal (as in FFW) or just the fast formant 
transitions. In the present study, the effects of lengthening the speech signal in various 
manners on the word discrimination of SLI children are therefore examined. To start with, an 
attempt is made to partly replicate the study by Tallal and Piercy (1975) showing positive 
effects of lengthening fast formant transitions. Thereafter, the effects of such a manipulation 
are compared to the effects of slowing the entire speech signal as done in the Fast ForWord 
program.
2 Method
2.1 Subjects
Subjects were 19 children with SLI (average age 69.6 months) attending a special school 
in the Netherlands and 24 normal language achieving (NLA) kindergartners (average age
69.5 months) attending a regular school. In The Netherlands, special schools for children with 
speech and language problems exist. Children with hearing problems also attend these 
schools but were excluded from the present study. Only 0.6% of Dutch children attend such 
schools. The situation in The Netherlands is comparable to that in the United Kingdom where 
less than 1% of the children are diagnosed with SLI (Conti-Ramsden & Botting, 2000), while 
the estimated prevalence is 5% (Law, Boyle, Harris, Harkness, & Nye, 1998).
137
Effects o f  lengthening the speech signal
The SLI-group consisted of 15 boys and 4 girls; the NLA group consisted of 10 boys and 
14 girls. It is common to see more boys than girls in an SLI population (Robinson, 1991).
2.2 Material
2.2.1 Pre-tests
The Coloured Progressive Matrices (Raven, 1965) was administered to measure 
nonverbal intelligence. A standardized word-discrimination test requiring a child to state 
whether two words, spoken by the experimenter, were the same or different was also 
administered. The test consists of 50 items and is part of the new version of a large screening 
instrument frequently used in the Netherlands (Verhoeven & Vermeer, 2001).
2.2.2 Speech material
Using an allophone synthesizer (Kerkhoff & Boves, 1993; Kerkhoff & Rietveld, 1994), 
two words were created: /bot/ (boat) and /bart/ (beard). Both words are highly frequent and 
familiar to children. Two non-words with the formant trace of the second formant making the 
opposite curve of /bot/ and /bart/ were next created (see Table 8.1). The resulting words 
sounded like /cot/ and /cart/.
In /bot/ and /bart/, the second formant follows a downward curve as in /ba/ used by Tallal 
and Piercy (1974). In /cot/ and /cart/, the second formant follows an upward curve, as in /da/ 
used by Tallal and Piercy (1974).
We decided to use real target words instead of /ba/ because the children in our experiment 
were young and it would be easier for them to point to the picture corresponding to a word 
than to a form corresponding to a non-word (Locke, 1980; Seymour, Baran & Peaper, 1981).
In Table 8.1 an overview of the formant traces for the target words /bot/ and /bart/ is 
presented. The sample frequency is 10kHz. The formant traces for /cot/ and /cart/ are the 
same, with the exception that the second formant of /cot/ falls between 2000 and 950 Hz, and 
the second formant of /cart/ falls between 2000 and 1320 Hz.
Table 8.1: Formant trace for the two words /bot/ and /bart/.
b (burst) o t
time (ms) 45 15 115 75 80 30
F1 100 460 410 200
F2 800 950 900 1600
138
Chapter 8
F3 2200 2200 2020 2020
F4 3500 3800 3800 3600
b a r t
time (ms) 45 15 115 75 40 80 30
F1 100 780 680 550 200
F2 800 1320 1320 1600 1800
F3 2600 2600 2600 2200 2500
F4 3500 3500 3500 3500 3600
There are three conditions per utterance.
1) As in Table 8.1.
2) The entire signal lengthened by 200%.
3) The transition of the second formant (F2) lengthened to 90 msec, shortening the vowel.
The speech was presented to the children via a Toshiba 300CDT laptop with a Toshiba 
Soundblaster soundcard connected to Sennheiser HD450 or HD40 headphones.
2.2.3 Tallal repetition test
During the actual experiment, the Tallal repetition test (cf. Tallal & Piercy, 1973) was 
used without exposure of the children to a criterion. In this test, children must point to the 
corresponding picture after hearing a word or point to two pictures after listening to two 
words. Each session has the same design.
1) 10 training items with word A. Children have to point at picture A.
2) 10 training items with word B. Children have to point at picture B.
3) 24 training items with the two words in a random order. The child has to point to the 
correct picture. Feedback is provided.
4) 4 demonstration items (one per combination) involving two words presented with an Inter 
Stimulus Interval (ISI) of 500 msec. The experimenter points at the correct pictures.
5) 8 training items (two per combination) in a random order. The child has to point at the 
correct pictures. Feedback is provided.
6) 24 test items (six per combination). The child has to point at the correct pictures. No 
feedback is provided.
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2.3 Procedure
2.3.1 Experiment
The children were taken out of the classroom twice for the pre-tests. After pre-testing, six 
sessions took place using the Tallal repetition test as described in the previous section. Half 
of the children were tested in three sessions with /bot/ first; the other half in three sessions 
with /cot/ first. The six possible orders for the type of speech manipulation were divided 
equally across the subject population.
The testing was conducted in a quiet room inside the school. The children had a sticker 
card with the number of sessions written on it. After each session, they received a sticker.
The card could be taken home after the last session.
The children were presented plastified picture cards during the six sessions. For /bot/ - 
/cot/, there was a yellow card with a picture of a boat on it and a blue card with a picture of a 
crossed out boat. The experimenter explained to the children that the small laptop computer 
was trying to say "boat", but sometimes made a mistake and pronounced it incorrectly. The 
children were then asked to point to the picture with the crossed out boat.
2.3.2 Data analysis
In calculating the number of correct answers, a response was also considered correct 
when the child mixed up the two cards. For example, when a child pointed twice at the 
yellow card instead of twice at the blue card, this was still considered correct. Given that we 
wanted to measure whether the children were able to discriminate between /bot/ and /cot/ or 
/bart/ and /cart/ and not whether they were able to remember -- for example -- that /bot/ 
belonged to the yellow card with the picture of a boat on it, a child pointing twice at the blue 
card instead of twice at the yellow card in the case of /cot/ - /cot/ versus /bot/ - /bot/ was still 
considered correct.
T-tests for independent samples were used to compare the two groups of subjects on a 
variable. When Levene's test for Equality of Variances proved significant (p < .05), the 
degrees of freedom in the t-test were adjusted. The differential effects of the various speech 
manipulations were tested using multivariate analyses in a repeated measures design 
(Maxwell & Delaney, 1990).
3 Results
3.1 Pre-tests
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The two groups did not differ with regard to age (t(41) = -0.08, p  = .93) or — as expected 
— with regard to non-verbal intelligence (t(41) = 0.97, p  = .34, d  = .30). However, the NLA 
children outperformed the SLI children on the speech discrimination test (t(41) = 2.28, p  = 
.03, d  = .70).
3.2 Synthetic speech discrimination
A significant correlation was found between the standardized speech discrimination pre­
test and the scores on the synthetic speech discrimination tests (Pearson r > .40, p  < .01 for all 
three speech conditions). No significant correlations were found between these tests and non­
verbal intelligence (r < .02, p  > .40 for all three speech conditions).
The correct scores were next compared in a repeated measures analysis. The within- 
subject factors were Speech manipulation (normal, lengthening of formant transition, 
lengthening of entire signal) and Word (/bot/, /bart/). The between-subject factor was Group 
(NLA, SLI).
No interaction effects were found, and a main effect of Word was also not found. A main 
effect of Speech manipulation indicated a difference in the correct scores across the different 
speech manipulations (F(2,40) = 3.55, p  = .04, n2 =.15). There was also the expected main 
effect of Group (F(1,41) = 3.96, p  = .05, n  = .09).
Given no significant main effect of Word, the scores for the different words were 
summed. In Table 8.2, the mean scores and standard deviations for the two groups of subjects 
across the different speech conditions are presented.
Table 8.2: Mean scores and standard deviations for the repetition test (with possible 
maximum o f 48).
speech manipulation group mean score repetition (SD); percentage correct
normal speech NLA 41.13 (8.14); 85.69%
SLI 35.00 (9.33); 72.92%
200% stretched NLA 42.42 (6.69); 88.38%
SLI 37.32 (10.48); 77.75%
F2 stretched NLA 41.54 (7.93); 86.54%
SLI 37.84 (9.08); 78.83%
141
Effects o f  lengthening the speech signal
Paired sample t-tests showed the main effect of speech manipulation to be due to the 
differences in the scores for normal speech versus speech that is completely slowed down 
(t(42) = -2.40, p  = .02, d  = .19) or speech with the F2 transition slowed down (t(42) = -2.08, p  
= .04, d  = .17). No significant differences were detected between the two manipulated speech 
conditions (t(42) = 0.38, p  = .71, d  = .03).
The main effect of Group was due to differences in their performance in the normal 
speech condition (t(41) = 2.30, p  = .03, d  = .71). The performances of the two groups did not 
differ significantly in the manipulated speech conditions (completely stretched: t(29.12) = 
1.85, p  = .08, d  = .61; F2 stretched: t(41) = 1.43, p  = .17, d  = .44).
4 Discussion and Conclusion
In this study, the effects of slowing down the entire speech signal or part of the speech 
signal on the speech discrimination abilities of SLI kindergartners and NLA children were 
explored. The results showed both slowing the entire signal and slowing the fast formant 
transition to positively effect the scores of both groups of children. The results refute Leonard 
et al’s (1992) hypothesis regarding the influence of the relative speed of the formant 
transition: stretching of the whole signal or part of the signal enhances the discrimination 
ability of both NLA and SLI subjects.
Stated differently, there were no significant differences between the NLA and SLI 
children when the speech signal was manipulated. The results found by Tallal and Piercy 
(1975) — namely that slowing down the speech signal can enhance the discrimination of 
speech signals that only differ with regard to the fast formant transition — were thus 
replicated. While we also found a positive effect of lengthening the fast formant transition 
alone, the effect-sizes for this speech manipulation were small and should therefore be 
interpreted with some reserve.
Given that the exact figures have not been provided by the authors of earlier studies in 
this area (Tallal & Piercy, 1975; Frumkin & Rapin, 1980), our effect-sizes cannot be 
compared to those for many of the previous studies. While Alexander and Frost (1982) 
conducted a sort of training with manipulated speech, they did not present the exact 
differences between the normal and manipulated speech conditions.
Stark and Heinz (1996) tested several formant transition lengths with children aged 6 to 
10 years. No standard deviations or effect sizes are reported, but the average scores presented 
in a graph show the NLA subjects in their study to score higher than the NLA subjects in our 
study, which can be explained by the age difference. The average score for the SLI group in
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their study improved from about 73% correct to about 75% correct when the formant 
transition was stretched from 40 to 80 msec. This is comparable to the performance of the 
SLI group in our study although the effects of the various speech manipulations in our study 
were a bit higher.
The results of our study support the hypothesis that speech manipulation is only effective 
in synthetic speech where the only feature that the child can rely on is indeed the fast formant 
transition. In normal speech, more features are available to aid the discrimination of speech 
signals, which may obviously inhibit a possible speech manipulation effect.
Our results showing the slowing of the entire speech signal and the slowing of only the 
fast formant transtion to both affect the word discrimination of SLI children in a positive 
manner can be seen as the first experimental support for the effectiveness of the stretching of 
the entire speech signal used in Fast ForWord. It should nevertheless be kept in mind that 
natural speech is used in the FFW program when the entire signal is stretched. In order to 
further validate the outcomes of such an important and greatly debated program as Fast 
ForWord, future research should attempt to shed more light on the exact mechanisms 
responsible for the improved performance of the children using the program and thereby 
create an optimal training program for SLI children.
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Discussion and conclusions
In the present research, an attempt was made to evaluate the outcomes of computer- 
supported early literacy stimulation for children from two disadvantaged populations in the 
Netherlands: minority children learning Dutch as a second language and children diagnosed 
with Specific Language Impairment (SLI). A series of five CD-ROMs was developed to 
provide multimedia support for the acquisition of vocabulary, phonological awareness, and 
beginning literacy skills. For children with SLI, the manipulation of speech was also 
implemented as part of the CD-ROMs. In part I of this dissertation, the focus was on 
multimedia support for children learning Dutch as a second language. An introduction to 
multimedia support was presented, the results of two pilot studies were reported, the results 
of a study comparing computer reading to live reading were presented, and the results of two 
additional intervention studies were described. The first studies show the feasibility of the 
computer software being developed and its effectiveness relative to teacher support. The two 
additional intervention studies show the computer training of vocabulary and phonological 
awareness to be effective. In part II, the focus was on multimedia support for children with 
specific language problems. An overview of the benefits of speech manipulation for children 
with SLI was first presented. Thereafter, the results of two experimental studies and one 
intervention study were described.
In this final chapter, a review of the results of the studies conducted will be provided. For 
each of the two target populations under consideration, an overview of the results will be 
presented along with a general discussion. These discussions will be followed by 
consideration of some limitations on the present research and consideration of the general 
conclusions and implications for the field.
Multimedia support for children acquiring Dutch as a second language
Vocabulary acquisition
In Chapter 1, the results of two pilot studies involving second language learners in their 
first and second years of kindergarten are described. The children worked with the software 
program for a short period of time and showed significant learning gains on a curriculum- 
dependent vocabulary test. In Chapter 2, computer reading is compared to teacher reading. 
Both first and second language learners were involved in this study. Both computer reading 
and live reading promoted vocabulary learning, but the second language learners benefited
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most from live reading. In Chapter 3, first and second language learners in their first and 
second years of kindergarten worked with the vocabulary part of the software for a period of 
15 weeks. Positive effects of the intervention were found when the results for the 
experimental group on a curriculum-dependent test were compared to the results for a control 
group, and a trend towards a significant intervention effect was found for a curriculum­
independent test for children in their second year of kindergarten. With regard to the benefits 
of computer intervention to stimulate the vocabulary acquisition of second language learners, 
we can conclude from the results presented in the first three chapters here that significant 
learning gains are made. The greatest effect sizes were found in the pilot studies, which 
involved a different amount of time per CD-ROM than in the other studies and the use of a 
different vocabulary test. When using the relevant software with young children, one should 
keep their short attention spans in mind. In the pilot studies reported on in Chapter 1, the 
children worked for 1.5 hours with one CD-ROM; in the intervention reported on in Chapter 
3, this time was extended to 2.5 hours per CD-ROM, which may have caused overexposure 
and thereby no additional learning gains. However, this observation does not account for a 
lower learning gain. In Chapter 1, an active vocabulary test was administered while, in 
Chapter 3, a passive vocabulary test was administered. The children produced initially lower 
scores on the active vocabulary test than on the passive vocabulary test, which placed them in 
a position to benefit more from the intervention in the pilot studies using the active 
vocabulary test than in the intervention studies using the passive vocabulary test.
There were no differences in the learning gains demonstrated by the native versus 
immigrant children receiving the computer interventions reported on in Chapters 2 and 3. 
However, in Chapter 2, it was found that the immigrant children showed greater vocabulary 
gains and better story comprehension with live reading as opposed to computer reading. This 
finding can most likely be ascribed to their lower vocabulary knowledge, which makes them 
more dependent on such external clues as facial expressions and hand gestures for vocabulary 
and story comprehension.
Comparison of the present results to the international literature on vocabulary 
intervention for kindergartners shows a new manner of enhancing vocabulary learning. Most 
of the studies concerned with the computer stimulation of vocabulary learning involve living 
books (Johnston, 1997; Terrell & Daniloff, 1996) and thereby draw on the known benefits of 
live storybook reading for children (Bus, Van IJzendoorn & Van Pellegrini, 1995; Penno, 
Wilkinson & Moore, 2002). Although the effects are significant, learning gains produced as a 
result of simply listening to a story on the computer are not particularly high (see also
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Chapter 2). This new manner of vocabulary learning as presented in the present dissertation 
enables the presentation of more new words within a short period of time. The transfer effects 
to a curriculum-independent test did not prove significant (see Chapter 3) but nevertheless 
showed a trend towards significance. It is therefore postulated that if the intervention had 
been concentrated into a shorter period of time with less time per CD-ROM as a result, higher 
learning gains may have been made.
Phonological awareness and beginning literacy
In Chapter 4, a one-year intervention was undertaken. First and second language learners 
in their second year of kindergarten worked with learning and discovery tasks concerned with 
phonological awareness and early literacy skills for 15 minutes a week.
Positive effects were found for rhyming and grapheme knowledge when the intervention 
group was compared to a control group. Additional long-term effects of the intervention were 
also found. The intervention group outperformed the control group in the domains of 
phonemic segmentation, auditory blending, grapheme knowledge, and decoding after 
completion of the training and four months of formal reading instruction during first grade.
Contrary to our expectation, the intervention did not enhance the children's ability to 
blend and synthesize sounds. As discussed in Chapter 4, this may be due to the fact that these 
abilities also received considerable attention during regular classroom activities. Another 
possible explanation is that the design of the software was not optimal. The speech-motor 
component was not as elaborately developed as in the intervention study conducted by 
Reitsma and Wesseling (1998), for example. More research is thus needed within this area.
The results further showed a negative correlation between the amount of time that the 
children spent playing discovery games and their learning gains and, conversely, a positive 
correlation between time spent on learning games and their learning gains. These findings are 
in line with the results of other research showing systematic direct instruction of phonics and 
phonological awareness to be more effective than the training of indirect strategies for at-risk 
children in particular (Chall, 1967; Adams, 1990; Snow, Burns & Griffin, 1998).
Multimedia support for children with Specific Language Impairment
Speech manipulation
Chapter 5 describes research on the difficulties that SLI children encounter with the 
processing of brief transitional elements in a speech signal and the effectiveness of various 
forms of speech manipulation for helping them overcome these difficulties. In Chapters 6, 7,
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and 8, the results of three studies of the effects of speech manipulation for children with 
specific language problems are described. The studies are based on research by Tallal and 
colleagues who have suggested that the manipulation of the speech signal can help these 
children better hear the different sounds in words and thereby develop better language skills. 
In earlier studies by Tallal and Piercy (1973, 1974, 1975), the speech manipulation involved 
stretching the fast formant transitions. However, in a computer intervention study in 1996 
(Tallal et al. 1996, Merzenich et al. 1996), an algorithm was used to stretch the entire speech 
signal and enhance the fast formant transitions up to 20dB, and such manipulation was 
hypothesized to provide the basis for the success of the intervention.
In Chapter 6, the effects of the two parts of the algorithm were studied separately and 
contrasted with normal speech, on the one hand, and the complete manipulation, on the other 
hand. No effects of any form of manipulation whatsoever were found for the speech 
discrimination abilities of the children with SLI or the control children. However, the 
algorithm was designed as a training tool to alter neurological pathways after intensive 
training and the intervention study reported on in Chapter 7 was therefore undertaken as well.
In the intervention study reported on in Chapter 7, the children played various rhyming 
and synthesis computer games. One experimental group heard manipulated speech while the 
other experimental group heard normal speech. A control group played vocabulary games. As 
in Chapter 6, no additional effect of speech manipulation was found. The training was shorter 
than the training provided by Tallal et al. (1996), however, which may account for the lack of 
an effect. Alternatively, some other factor and not the speech manipulation used by Tallal et 
al. may explain the learning gains found by them. The software used by Tallal et al. — called 
Fast ForWord — also includes a manipulation involving only the slowing of the fast formant 
transitions. This manipulation is used when synthetic and not natural speech is presented, and 
earlier studies have already shown this type of speech manipulation to clearly improve the 
speech discrimination abilities of children with SLI (Tallal & Piercy, 1975).
In Chapter 8, the preceding results were replicated in yet another experiment requiring 
children with SLI to discriminate between words. Synthetic speech was now used, and two 
types of speech manipulation were compared to normal speech: stretching of the entire signal 
and stretching of only the fast formant transitions. Similar to Tallal and Piercy (1975), 
positive effects of stretching the fast formant transitions were found on the discrimination 
abilities of the children. Whether the entire speech signal was stretched (as in the algorithm in 
Tallal et al.'s 1996 study) or just the fast formant transition did not matter, however. Leonard, 
McGregor, and Allen (1992) hypothesized that the speed of the fast formant transition
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relative to the remainder of the speech signal may create the difficulties for children with SLI, 
but this was not found to be the case in the research reported in Chapter 8.
Phonological awareness
In addition to allowing us to examine the effects of speech manipulation, the intervention 
in Chapter 7 also allowed us to examine the effects of a computer intervention intended to 
enhance young children’s phonological awareness. The children worked intensively with 
rhyming and synthesis computer games for a period of five weeks.
The results showed positive effects of the intervention for the experimental group 
listening to natural speech but not for the experimental group listening to manipulated speech. 
After completion of the intervention, however, the performance of the manipulated speech 
group did not differ from the performance of the natural speech group or the control group. 
Four months after completion of the intervention, the effect was no longer significant 
although the effect size was still substantial (Cohen, 1988) and comparable to those found in 
other related research (Ehri et al., 2001)
Some limitations on the present study
Throughout the present research, the effects of the computer interventions have been 
compared to the learning gains for a control group. In Chapter 7, the control groups played 
computer games that were not within the scope of the intervention. In the long-term 
interventions in Chapters 3 and 4, the control groups did not follow any specific control 
intervention. One can argue that the designs of these experiments were biased in favor of the 
experimental group because the interventions basically “taught the tests.” However, 
curriculum-independent tests were also administered to evaluate any transfer effects. The 
mere effects of the interventions on curriculum-dependent test performance are nevertheless 
of critical importance as they show kindergartners to be capable of learning from working 
with the computer. In order to show the exclusive contribution of working with the computer 
to the learning gains demonstrated by the children, however, a different control group 
receiving instruction similar to that provided by the computer but not from the computer 
should be included.
Due to differences in the tests used across the years in the present research, some of the 
studies cannot be adequately compared to each other. In Chapters 1 and 2, an active 
vocabulary test was used while in Chapter 3 a passive vocabulary test was used. The latter 
test was chosen as less disadvantageous for immigrant children. In Chapters 6 and 8, different
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tests were again used to measure the children's ability to discriminate between words. The 
children in the study reported on in Chapter 6 had to decide whether two utterances were the 
same or different by pushing a button on a button box. Many of the children were found to 
perform below chance, which suggests that this type of task was too difficult for them. For 
the study reported on in Chapter 8, a different test was therefore selected. The children were 
now asked to point to pictures and thereby show the experimenter what they heard.
Another possible limitation is that the subject groups and the SLI groups in particular 
were often small. Children with SLI also form a very heterogeneous group including children 
with expressive and/or receptive language problems. Additional problems such as attention 
problems or hyperactivity also often co-occurred with the SLI. It is, as Bishop (1997) has also 
pointed out, therefore very difficult to study a group of "pure" SLI children. Special schools 
for children with language and related problems exist in the Netherlands, and the subjects in 
the present research all attended such a special school, which means that they are the most 
severe cases in the Netherlands. And a major goal of the present research was therefore to 
determine whether this SLI population could benefit from specific types of speech 
manipulation and from computer intervention in general.
A final limitation concerns the generalizability of the present results to other languages, 
other age groups, or other computer interventions. The research conducted in this dissertation 
demonstrates the effectiveness of one particular software program and the related computer 
intervention. It can be concluded, on the basis of the present results, that kindergartners are 
capable of working independently with the computer and learning from it. However, the 
learning effects are strongly related to the computer program being used. As we saw in 
Chapter 4, direct instruction is particularly effective while working with discovery games 
produces less progress. The type of games used to enhance the children's vocabulary were 
effective, but future research should attempt to determine whether more effective variants can 
be designed and whether more intensive intervention also produces significant learning gains 
on curriculum-independent tests.
Implications of the present research
The present research has shown the construction of a child-friendly computer program for 
use by kindergarten-aged children to be feasible and computer intervention to be instructive 
for both second language learning kindergartners and kindergartners with SLI. With respect 
to kindergartners in regular education, the results show direct instruction computer games to 
be generally most effective. Playing with the story and vocabulary computer games clearly
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enhanced the vocabularies of these children. Both their phonological awareness and 
graphemic knowledge also increased as a result. While the direct instruction games produced 
learning gains, the discovery games may have kept the children motivated and should 
therefore be considered further in future research as motivation and engagement are critical 
for keeping children interested in language and written language in particular (Verhoeven & 
Snow, 2001). Second language learners with little second language input prior to their entry 
into the first year of kindergarten and thus in need of intensive language instruction clearly 
benefit from computer support although computer support is not as effective as teacher 
support and thus constitutes a valuable additive tool.
With respect to the use of manipulated speech for the education of children with SLI, the 
results show synthetic speech with manipulation of the signal to help children better 
discriminate between sounds. However, the manipulation did not show any additional effects 
when implemented in the software program using natural speech. Future research should 
therefore investigate whether an intervention with modified synthetic speech causes higher 
learning gains than the intervention that was studied in Chapter 7. If so, then children who 
encounter difficulties with the processing of fast transitional elements may be aided by the 
manipulation of synthetic speech as part of a computer intervention.
The value of the adaptivity of the present software is open to question. As reported in 
Chapter 4, the children in their second year in kindergarten only started to benefit from the 
games including graphemes during the second half of the school year. The combined rhyming 
and synthesis game was probably too big of a challenge for these same children. Separate 
rhyming and synthesis games may therefore overcome this problem, since children would 
then have the chance to focus only on the ability they did not master yet and would not be 
forced, for example, to keep playing rhyming exercises while they had difficulties in 
synthesizing. Conversely, once a game is available to a child, the game remains available 
(unless the teacher intervenes). As concluded in Chapter 4, however, a computer training is 
probably more effective when the adaptivity of the program is more stringent (i.e., when all 
of the games are not always and continually available to the children). Many children may 
tend to choose those games that they are most familiar with and therefore not try new ones. In 
the field of education, it is therefore important that teachers monitor what the children do on 
the computer and intervene when a child does not make progress or does not try new games.
To conclude, computer intervention can clearly enhance the language learning of 
kindergartners but is not the answer to all of the problems that they can encounter during this 
process. Simply placing a computer with the educational software in a corner of the
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classroom is not enough. Teachers must also monitor just what the children do with the
computer, which can then constitute a new and powerful tool for the early education of
children and disadvantaged children in particular.
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Summary
The present dissertation aimed to shed greater light on the possibilities of computer- 
supported language learning for children at the level of kindergarten in the Netherlands. The 
focus was on two populations of children who are known to be at risk: children learning 
Dutch as a second language and children diagnosed with Specific Language Impairment. The 
development and efficacy of a software program to enhance the language learning of 
kindergarten children was described in a series of eight articles preceded by a general 
introduction and followed by a general discussion. The thesis is divided into two major parts: 
1) Multimedia support of children learning Dutch as a second language and 2) Multimedia 
support of children with specific language problems. Both parts consists of four 
chapters/articles.
Part I: Multimedia support of children learning Dutch as a second language
In Chapter 1, the development of a child-friendly computer software program to enhance 
the early literacy skills of kindergarteners in the Netherlands was described. The ergonomic 
aspects of designing software for young children were described along with the content of the 
program in connection with the literature on early literacy. The results of two pilot studies 
with immigrant kindergarteners trained using the story and the vocabulary part of the 
program were also reported. After a short amount of training, the vocabulary of the children 
was found to show significant gains.
In the second chapter, it was explored whether there are differences in story 
comprehension and vocabulary learning in children in multicultural classrooms at the 
kindergarten level when listening to a story read to them by the computer or the teacher. 
Subjects were 41 native and 30 immigrant children from four different schools. The results 
showed that children learned new words, both from listening to their teacher and from 
listening to the computer. However, significantly more words were learned by immigrant 
children when the teacher read the story. For story comprehension, the teacher again 
outperformed the computer for immigrant children.
The third chapter further elaborated on the vocabulary gains found in Chapter 1. An 
intensive computer vocabulary training was undertaken in a two-year kindergarten program 
in the Netherlands. In the intervention, 67 native and immigrant children in the first and 
second years of kindergarten played vocabulary games on the computer twice a week for a
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period of 15 minutes across 15 weeks. A control group of 97 kindergartners followed the 
regular curriculum. In a pretest — training — posttest — retention test design, positive 
effects of the computer training were found on a curriculum-dependent vocabulary test. A 
trend was found towards positive effects of the computer training on a curriculum­
independent test for children in their second year of kindergarten.
After these chapters on vocabulary learning, Chapter 4 focused on phonological 
awareness. The long-term effects of a computer intervention for the development of 
phonological awareness in Dutch kindergartners were assessed. Native Dutch and immigrant 
children worked with the software once every week for 15 minutes during the entire school 
year (a period of 40 weeks interrupted by 5 weeks of vacation). Following a pretest — 
interim test — posttest — retention test design, the effects on rhyming, phonemic 
segmentation, auditory blending, and grapheme knowledge were assessed. The intervention 
showed significant immediate effects on rhyming and grapheme knowledge. The time spent 
on the computer games also correlated highly with the learning gains for the experimental 
group. In first grade, retention effects were demonstrated after four months of formal reading 
education. Multivariate analyses showed the experimental group to differ significantly from 
the control group on tests of phonemic segmentation, auditory blending, grapheme 
knowledge, and decoding at this point.
Part I of this thesis showed that the computer can provide significant learning gains in 
native and immigrant children at the kindergarten level when they work individually and 
without teacher support with a software program. The results present an alternative and 
relatively teacher-independent method to enlarge children's vocabularies and ways to enhance 
children’s phonological awareness by computer.
Part II: Multimedia support of children with specific language problems.
In Chapter 5, a review of the research on and theories concerned with speech 
manipulation was presented. The difficulties that children with SLI encounter with fast 
formant transitions in particular were described, and the benefits of speech manipulation and 
the use of speech manipulation as part of a computer intervention were also described. The 
following chapters further elaborated on the effects of speech manipulation.
In Chapter 6 the effects of four different types of speech manipulation were tested on a 
group of 21 Specific Language Impaired (SLI) kindergartners and a group of 24 Language 
Normal (LN) kindergartners. The four types of speech manipulation were: (1) normal speech; 
(2) normal speech with amplification of fast transitional elements up to 20 dB; (3) speech
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lengthened by 50%; (4) a combination of lengthening and amplification. Five different 
speech contrasts were tested, using natural speech. All participants were tested 12 times; 3 
times for each manipulation. The results showed that the SLI group performed worse than the 
LN group. The analysis of error percentages of subjects who performed above chance in the 
normal speech condition, showed effects of the different speech contrasts, but no effects of 
speech manipulation.
In Chapter 7, it was tested whether effects of speech manipulation would be found when 
implemented in a training environment. The study aimed to find out to what extent Dutch 
kindergartners with Specific Language Impairment (SLI) were able to develop certain 
phonological abilities by working with an adaptive computer program and whether speech 
manipulation as part of the instruction of phonological awareness using an adaptive computer 
program produces additional learning. Twenty-four kindergartners with SLI received 
phonological awareness treatment via computer. Twelve children received intervention using 
normal speech, and 12 children received intervention using manipulated speech that stretches 
the signal and enhances fast transitional elements. A control group of 12 kindergartners with 
SLI played vocabulary games on the computer. The results showed positive effects of the 
intervention for the normal speech group. Four months after training, the effect size was still 
substantial, although no longer significant. No additional effects of speech manipulation were 
found. After the intervention, the manipulated speech group did not differ from the normal 
speech group or the control group.
Chapter 8 concluded with an experiment on the possible effects of speech manipulation 
when using synthetic instead of natural speech. It was investigated whether kindergartners 
with specific language impairment (SLI) and normal language achieving (NLA) 
kindergartners can benefit from slowing down the entire speech signal or part of the speech 
signal in a synthetic speech discrimination task. Subjects were 19 SLI kindergartners and 24 
NLA controls. Results show both types of speech manipulation to positively influence word 
discrimination. The SLI children perform equally as well as the NLA children in the two 
manipulated speech conditions but show more difficulties in the normal speech condition.
Part II of this thesis supports the hypothesis that speech manipulation is only effective in 
synthetic speech where the only feature that the child can rely on is indeed the fast formant 
transition. It was also shown that children with SLI can benefit from computer training.
In the Discussion and conclusions, it was concluded that it was shown that the 
construction of a child-friendly computer program for use by kindergarten-aged children is
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feasible and that computer intervention is instructive for both second language learning 
kindergartners and kindergartners with SLI. With respect to the use of manipulated speech for 
the education of children with SLI, the results show synthetic speech, not natural speech, with 
manipulation of the signal to help children better discriminate between sounds. However, the 
manipulation did not show any additional effects when implemented in the software program 
using natural speech.
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Samenvatting
Het onderzoek dat beschreven staat in dit proefschrift had tot doel om meer inzicht te 
verwerven in de mogelijkheden van taalleren door kleuters in Nederland met behulp van 
computerondersteuning. De aandacht ging uit naar twee risicogroepen: kinderen die 
Nederlands als tweede taal leren en kinderen met ernstige spraak-/taalproblemen. In een serie 
van acht artikelen werd de ontwikkeling van een taalleer software programma voor kleuters 
beschreven, voorafgegaan door een algemene inleiding en afgesloten met een algemene 
discussie. Het proefschrift is verdeeld in twee secties: 1) Multimedia ondersteuning van 
kinderen die Nederlands als tweede taal leren en 2) Multimedia ondersteuning van kinderen 
met ernstige spraak-/taalproblemen.
Sectie 1: Multimedia ondersteuning van kinderen die Nederlands als tweede taal leren
In Hoofdstuk 1 werd de ontwikkeling van een kindvriendelijk software programma 
beschreven dat tot doel heeft de ontluikende en beginnende geletterdheid van kleuters te 
stimuleren. Er werd een beschrijving gegeven van de ergonomische aspecten die van belang 
zijn bij de ontwikkeling van software voor jonge kinderen en de inhoud van het programma 
werd gekoppeld aan de literatuur over ontluikende en beginnende geletterdheid. Daarnaast 
werd verslag gedaan van twee pilot studies waarbij allochtone kinderen een training 
ontvingen met behulp van het verhaal- en woordenschatgedeelte van het programma. Na een 
korte training bleek de woordenschat van de kinderen significant vooruit te zijn gegaan.
In het tweede hoofdstuk werd onderzocht of er verschil bestaat in verhaalbegrip en 
ontwikkeling van de woordenschat van kleuters in multiculturele groepen wanneer ze 
luisteren naar een verhaal voorgelezen door de leerkracht of door de computer. De 
onderzoeksgroep bestond uit 41 autochtone en 30 allochtone kleuters van vier verschillende 
scholen. De studie toonde aan dat de woordenschat van de kinderen vooruit ging zowel 
wanneer het verhaal was voorgelezen door de leerkracht als wanneer het verhaal was 
voorgelezen door de computer. De allochtone kinderen leerden echter significant meer 
woorden wanneer de leerkracht het verhaal voorlas. Ook was het verhaalbegrip van de 
allochtone kinderen groter wanneer de leerkracht het verhaal had voorgelezen.
Het derde hoofdstuk ging verder door op de vooruitgang in woordenschat die in 
Hoofdstuk 1 was gevonden. Er werd een intensieve computer training opgezet, waarbij 67 
kleuters uit groep 1 en 2 twee keer per week een kwartier woordenschatspelletjes speelden op
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de computer, gedurende 15 weken. Een controle groep bestaande uit 97 kleuters volgde het 
reguliere curriculum. Er werd gebruik gemaakt van een voortest — training — natest — 
retentie test design. Op een curriculum afhankelijke test werden positieve effecten van de 
computer training gevonden, op een curriculum onafhankelijke test werd een trend gevonden 
voor kinderen uit groep 2.
Volgend op deze hoofdstukken over uitbreiding van woordenschat, richtte Hoofdstuk 4 
zich op de uitbreiding van het fonologisch bewustzijn. Er werd gekeken naar de effecten op 
korte en lange termijn van een computer training. Autochtone en allochtone kleuters uit groep 
2 werkten eens per week een kwartier met de software gedurende het gehele schooljaar (40 
weken onderbroken door 5 vakantieweken). Met behulp van een voortest — training — 
natest — retentie test design werden de effecten van de training gemeten op rijmen, analyse 
en synthese van klanken en grafeemkennis. Direct na de training werden positieve effecten 
van de training gevonden op rijmen en grafeemkennis. Tevens werd een hoge correlatie 
gevonden tussen de tijd die de experimentele groep besteed had aan de computerspellen en 
hun leerwinst. In groep 3 werden na vier maanden formeel leesonderwijs retentie-effecten 
van de training gevonden. Met behulp van multivariate analyse werden verschillen tussen de 
experimentele en controlegroep aangetoond wanneer getest werd op analyse en synthese van 
klanken, grafeemkennis en decodeervaardigheid.
Sectie I van dit proefschrift liet zien dat autochtone en allochtone kleuters significante 
leerwinsten kunnen boeken met behulp van de computer wanneer ze individueel en zonder 
ondersteuning van de leerkracht met de software werken. Er werd een alternatieve en relatief 
leerkracht onafhankelijke manier getoond waarmee kleuters hun woordenschat en 
fonologisch bewustzijn kunnen uitbreiden.
Sectie II: Multimedia ondersteuning van kinderen met ernstige spraak-/taalproblemen
In Hoofdstuk 5 werd een overzicht gegeven van onderzoek en theorieën omtrent 
spraakmanipulatie. Naast een beschrijving van de moeilijkheden die kinderen met ernstige 
spraak-/taalproblemen hebben met snelle formanttransities in spraak, werd ook een 
beschrijving gegeven van de voordelen van spraakmanipulatie en het gebruik van 
spraakmanipulatie in computerinterventie. De volgende hoofdstukken gingen verder in op 
verschillende aspecten van de effecten van spraakmanipulatie.
In hoofdstuk 6 werden de effecten van vier verschillende soorten spraakmanipulatie met 
elkaar vergeleken. De onderzoeksgroep bestond uit 21 kinderen met ernstige spraak­
/taalproblemen en 24 kinderen met een normale spraak-/taalontwikkeling. De vier soorten
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spraak die in het onderzoek gebruikt werden waren: (1) normale spraak; (2) normale spraak 
met een versterking van de snelle formanttransities tot 20 dB; (3) spraak vertraagd met 50%; 
(4) een combinatie van vertraging en versterking van het spraaksignaal. Gebruik makend van 
natuurlijk spraak werden vijf verschillende contrasten getest. Elke proefpersoon werd 12 keer 
getest, drie keer per type spraakmanipulatie. De resultaten lieten zien dat de kinderen met 
ernstige spraak-/taalproblemen lager scoorden dan de kinderen met een normale spraak­
/taalontwikkeling. Een analyse van de foutpercentages van de kinderen die boven kans 
scoorden in de normale spraak conditie lieten wel effecten zien van de verschillende spraak 
contrasten maar niet van de verschillende soorten spraakmanipulatie.
In Hoofdstuk 7 werd gekeken of er wel effecten van spraakmanipulatie zouden worden 
gevonden wanneer deze werd geïmplementeerd in een computer training. Het doel van de 
studie was om uit te vinden of kleuters met ernstige spraak-/taalproblemen in staat zijn om 
bepaalde fonologische vaardigheden te ontwikkelen met behulp van een adaptieve software 
training en of spraakmanipulatie hierin additionele leereffecten zou opleveren. De 
onderzoeksgroep bestond uit 24 kinderen met ernstige spraak-/taalproblemen. Twaalf 
kinderen kregen een interventie met normale spraak en de andere twaalf kinderen kregen een 
interventie met gemanipuleerde spraak, waarbij het spraaksignaal vertraagd was en snelle 
formanttransities werden versterkt. Een controlegroep bestaande uit 12 kinderen met ernstige 
spraak-/taalproblemen speelde woordenschatspellen op de computer. De resultaten toonden 
positieve effecten van de interventie voor de groep die naar normale spraak luisterde. Vier 
maanden na de training werd nog een substantiële effectgrootte gevonden, maar was het 
effect niet meer significant. Er werden geen additionele effecten van de spraakmanipulatie 
gevonden. Na de interventie verschilde de groep die getraind was met gemanipuleerde spraak 
noch van de groep die getraind was met normale spraak, noch van de controlegroep.
In Hoofdstuk 8 werden de mogelijke effecten van spraakmanipulatie onderzocht wanneer 
gebruik werd gemaakt van synthetische in plaats van natuurlijke spraak. Er werd onderzocht 
of kinderen met ernstige spraak-/taalproblemen en kinderen met een normale spraak­
/taalontwikkeling klanken beter konden discrimineren wanneer synthetische spraak geheel of 
gedeeltelijk vertraagd was. De onderzoeksgroep bestond uit 19 kleuters met ernstige spraak­
/taalproblemen en 24 kleuters met een normale spraak-/taalontwikkeling. Er werd aangetoond 
dat beide typen spraakmanipulatie zorgden voor hogere scores op een 
woorddiscriminatietaak. Beide groepen hadden vergelijkbare scores wanneer de spraak 
vertraagd was maar de kinderen met ernstige spraak-/taalproblemen hadden meer problemen 
in de conditie met normale spraak.
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Sectie II van dit proefschrift ondersteunt de hypothese dat manipulatie van het 
spraaksignaal alleen effectief is wanneer gebruik wordt gemaakt van synthetische spraak, 
waarbij het enige feature waarop kinderen kunnen discrimineren de snelle formanttransitie is. 
Er werd tevens aangetoond dat kinderen met ernstige spraak-/taalproblemen leerwinst kunnen 
behalen met behulp van computer training.
In de algemene discussie en conclusie werd geconcludeerd dat het onderzoek in dit 
proefschrift de bruikbaarheid laat zien van een kindvriendelijk software programma voor 
kleuters. Computerinterventie blijkt instructief voor zowel kinderen die Nederlands als 
tweede taal leren als voor kinderen met ernstige spraak-/taalproblemen. Met betrekking tot 
spraakmanipulatie werd voor synthetische en niet voor natuurlijke spraak een positief effect 
gevonden voor klankdiscriminatie van kleuters. Spraakmanipulatie in een 
computerinterventie liet geen additionele effecten zien bij kinderen met ernstige spraak­
/taalproblemen.
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The aim of this series is to advance insight into the processes of communication within and 
across children and adults with special needs, including persons with learning disabilities, 
cognitive, physical and sensory impairments, and persons from culturally and linguistically 
diverse backgrounds. It combines interest in sociolinguistic and psycholinguistic accounts of 
the acquisition and transmission of language and communication in these populations, and in 
educational solutions to help individuals overcome or reduce communication disabilities and 
to support their participation in society.
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